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Pweoeiitrsctectep im the testing of the feasibility of the FORCE- 
ORIENTED DEFENSE as a viable tactic for countering the large force 
imbalance in Western Europe, a small-unit, base-case scenario is 
quantitatively examined through the medium of a manual war game. 
A 'Monte Carlo" type manual game was developed and used to refine 
model logic for a subsequent investigation with an expected-value 
manual game. This work generates the basis for a possible high 
mes OlMMimOnmesimmulation of the PORCH-ORIENTED DEFENSE. To 
satisfy secondary objectives of the study, fractional kills were tab- 
ulated to determine first approximations of armor/antiarmor force 
exchange ratios and weapon system fractional loss rates. The 
specific scenario involved a reinforced mechanized infantry platoon 
ambushing the first echelon units of a tank-reinforced motorized 


rifle battalion. 
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I. BACKGROUND 
A. INTRODUCTION 

Pim toiwwmor tine Ciuiepemt imbalance of tactical ground forces 
in Europe between the NATO and Warsaw Pact forces, it has become 
imperative that maximum effective use be made of all available 
personnel and inaterial to meet the apparent threat. Recent 
unclassified estimates vary as to the exact force levels and 
compositions, however, most agree that the Warsaw Pact armies 
have at least a three-to-one numerical superiority in main 
battle tanks with, in global terms, a definite margin of 
imPepower SUPeLrIOrity in conventional artillery [Refs. l, 2, 
ana 3). 

Given any mutual and balanced force reduction, these NATO 
defense forces may find themselves in an even more critical 
Situation: greatly over-extended defensive frontages and 
Minimal reserve forces. Even with conservative current un- 
classified estimates, it is not unrealistic to assume that 
the combat power ratio facing NATO defensive forces along the 
border areas is definitely greater than seven-to-one in 
armored and mechanized (motorized) infantry units [Ref. 4]. 

Pee CURE Nh eDErPENOLVE TACTICS 

Assuming that such unfavorable combat power ratios will 
not appreciably improve in the near future, and assuming 
that widely extended defensive frontages may be the rule 
rather than the exception; it becomes readily apparent that 


Bicmelasciecate forms Of Cerense: the AREA and MOBILE DEFENSE, 
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are infeasible. The reasons for this are that: 

1. Successful employment of these tactics presupposes an 
eereabaulity of tactical units in sufficient numbers that a 
forward defense battalion will be required, under ideal cir- 
cumstances, to hold no more than 5,000 meters of frontage 
through actual occupation and coverage of what 1s not occupied 
Pyeetrse) [Refs 5] and, 

2. a successful mobile defense (in which controlled pene- 
trations are allowed in order to inflict maximum casualties 
on the attacking enemy by employment of a brigade-sized 
counterattack) requires fixing forces and a large mobile re- 
Serve (COUnterattack force). But, with the quantity of 
superior~-in-number, armor-heavy Warsaw Pact forces potentially 
employable in Western Europe, so many regimental-sized pene- 
trations are possible that it would be virtually impossible 
womere (hold) and counterattack all of them [Ref. 6]. 

Recent economy moves have been made to bolster the effec- 
tiveness of the forward defense units through the issuance of 
a multitude of the latest antitank/antiarmor (AT) weapons and 
surveillance, target acquisition and night observation (STANO) 
Aen These, in combination with the tactical capabilities 
of the attack and troop-lift helicopters, have partially off- 
set the lack of ground combat units [Ref 7]. 

These technological advances, when employed in the area or 
mobile defense, hardly provide a significant marginal increase 
in effectiveness (when the intent is to hold terrain and de- 
feat any force seeking to take the terrain from the defenders). 


The forward defenses would still be so thinly spread that any 
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sizable penetrations would effectively cause the defender to 
be turned out of position. One would also find the much- 
extended logistical system cxtremely vulnerable to destruc- 
tion by large armored forces roaming freely deep in the 
defender's rear areas. 

When the force being attacked is unable to effect one of 
the aforementioned classical forms of defense, it is obligated 
to conduct some form of retrograde operation to avoid decisive 
engagement and destruction in place. In the classical sense, 
the doctrinal form of retrograde operation of interest is the 
DELAY . 

The delay, by definition, is "A type of defensive operation 
in which a force under pressure trades space for time while in- 
Flicting maximum punishment on the enemy without becoming de- 
cisively engaged" [Ref. 5]. The delaying units fire at the ad- 
vancing enemy at the maximum effective ranges of the organic 
weapon systems, theoretically causing the attacker to deploy 
his units to maneuver on the defender. This, ideally, creates 
valuable time which the parent organization of the deiaying 
forces needs to constitute its mmain defense further to the 
rear. To preclude piecemeal destruction of these delaying 
units, they seek to withdraw to subsequent delay positions 
before becoming decisively engaged. That is to say, before 
the attacker can bring such a volume of fire to bear on the 
delay position as to make the withdrawal virtually impossible. 
Here, freedom of action is essential to exploit any discovered 
situation which proves unfavorable to the enemy, to shift 
forces, or make maximum use of the available terrain [Ref. 5]. 
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Technically speaking, therefore, the delay is keyed on the 
availability of suitable terrain (delay positions) from which 
long range observation and fire are afforded, and by which 
covered and concealed withdrawal routes are provided to the 
delaying units. 

Incorporation of antitank guided missile systems augments 
the capabilities of mechanized infantry to destroy attacking 
armor. But it is readily apparent that current short and 
medium range antiarmor weapons could seldom, effectively, be 
brought to bear on armored targets, if the long range systems 
have already given away the general location of the delay 
position and enemy counterfires have been adjusted onto that 
position. 

To wait until the enemy is within range of the shorter 
range systems is to risk attempting to engage deployed forces 
moving under cover of masSive supporting fires and uSing 
covered and concealed attack routes, given immediately previous 
long range AT system fires have alerted the enemy. 

This problem would, of course, be compounded by seeking 
to delay over defensive sector frontages initially greater 
than five times those doctrinally acceptable for the area or 
mobile defenses, under ideal circumstances. 

In addition to force augmentation by antiarmor weapons 
and STANO devices, the search has been on to find a viable 
alternative tactic capable of effectively counteracting the 
potential threat, by optimal utilization of the defender's 


available resources. 
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eee Or OSED ALTERNATIVE TACTIC 

Omewsuen tactic, the FORCE-ORIENTED DEFENSE (FOD), has 
been proposed by the staff and faculty of the United States 
Pieter y cchool, Fort Benning, Georgia: "The underlying 
principle of the force-oriented defense is that the defender 
offers a degree of resistence appropriate to the existing 
combat power ratio ... The objective is to create vulner- 
abilities that can be exploited to gain maximum returns with 
minimum expenditure of assets" [Ref. 6]. 

Unlike the delay, the FOD considers terrain only in the 
context that it determines where the enemy will move his units, 
and how it will facilitate destruction of those enemy units, 
through the inherent obstacles, observation and fields of fire, 
and cover and concealment it affords. The FOD also more 
readily accepts the possibility of some of the defender's 
units being bypassed (inadvertently or purposefully permitted), 
with subsequent attacks by these bypassed units on elements of 
the enemy force to the rear of the first or second attacking 
echelons. Such attacks would most likely come about as the 
bypassed units moved to re-establish contact with the remainder 
of their organizations, thus again seeking to position them- 
selves ahead of the enemy's first echelon units [Ref. 7]. 

mo teste teasibility relative to current doctrine and 
tactics, it is necessary to examine in detail only those as- 
pects which are peculiar to the FOD concept and have a major 
impact on discernible differences this concept may provide. 

This permits the isolation of specific type engagements 
for detailed analysis. Included, of course, are the pertinent 
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interfacings these have with the more universally employed 
defensive tactics. 

For example, in this study, long range ATGM engagements 
of armored targets were of interest only in the manner in 
which they hore on the effectiveness of mechanized infantry 
antiarmor ambushes. That is to say, ATGM's can be employed 
in relative isolation wherein the missiles are fired at maxi- 
mum effective ranges, as soon as targets become available; 
or, they can be held until the targets have entered a pre- 
selected killing zone into which the maximum number of 
missiles may be fired in a surprise salvo. The significance 
here is that the second choice precludes piecemeal employment 
of long range systems which, in turn, can be reacted upon 
before medium and short range systems can be utilized. Note 
that this does not preclude a simultaneous employment of the 
long range systems elsewhere, under the first mode of 
employment. In fact, the formulators of the FOD recognized 
that, "Only our long-range antiarmor weapons, to include 
aerial antiarmor platforms, should be used in those areas 
which strongly Paver massive and rapid armor thrusts, and in 
those which offer scant cover and concealment for the 
defender" [Ref. 6]. 

Conceptually, the FOD makes maximum use of small unit 
antiarmor ambushes. Such a tactic would thus employ the 
short and medium range antiarmor weapons in a manner which 
makes optimal use of their armor-killing capabilities. It 
should be recalled, however, that the FOD is not limited to 


such ambushes. These are simply techniques more or less 
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unique to the FOD (when speaking of such a large-scale ap- 
plication of such ambushes). The general principle of re- 
Sistance appropriate to meet the existing combat power ratio 
may require defending from a built-up area (urban areas being 
major obstacles to armor) for a specified period of time for 
example. 

The particular tactic of interest, for detailed study, was 
determined to be the small-unit antiarmor ambush. If, then, 
the FOD makes maximum use of and derives a major portion of 
its effect from such small-unit antiarmor ambushes, in order 
for the FOD to be a feasible alternative tactical concept, 
the following must be true: 

1. The engagement exchance ratios and weapon attrition 
rates must be favorable to the defender. 

2. The defender must be able to achieve a density of 
such ambushes between the point of initial enemy contact and 
the location of the final, determined defense, as to cut the 
combat power ratio down to within acceptable limits. (This 
is usually interpreted to mean less than three-to-one, 
omc resto darendas) Theoretically, then, with such a 
combat power ratio, the defender may undertake one of the 
more classical forms of defense. Inherent in this is the 
assumption that the requisite density of ambush positions, 
along the major identified enemy avenues of approach, are 
available. The actual determination of position availability 
was beyond the scope of this study. 

A hypothetical situation will serve to illustrate the 


exchange ratio/position density problem: Suppose a mechanized 
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infantry division, with normal attachments from Corps, is 
faced by a combined arms army. Suppose, also, that the two 
Forces are organized as shown in Table I. Note that the com- 
bat support units are listed together, this is for convenicnce 
Only. The normal detachments/attachments, direct support and 
reinforcing missions as for a retrograde operation would be 
employed [Refs. 7 and 8]. 

Now suppose, from the point of passage of the corps 
covering force (normally an armored cavalry regiment) where 
first contact may be expected between the enemy force and 
the mechanized infantry division, the final defensive line 
established by the corps commander for the forward divisions 
is 100 kilometers to the rear. Assuming a width of sector 
of 45 to 60 kilometers for the division, one sees each of the 
two forward mechanized brigades having attrition areas approxi- 
mately 20 to 30 kilometers wide and 100 kilometers deep. 

To calculate the requisite density of antiarmor ambushes, 
some measure of relative combat power is necessary. A gross 
approximation of the relative combat power of a tactical orga- 
nization is its firepower potention (FPP). It should be noted 
that this is not an attempt to, in any way, justify the FPP 
methodology. FPP scores were herein employed due to their 
Smplwstic marmure, purely for purpose of illustration. Since 
exact values are not required for this illustration, it may 
be presumed that the aggregated FPP scores can be represented 
by the maximum possible scores attributable to a unit. This 
presupposes that each unit will be employed in an optimal 


fashion, to maximize its firepower potential. 
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Applying such a methodology to the hypothetical defender 
maUe) and attacker (RED), FPP scores may be drawn from the 
appropriate listings in Ref. 9. Example aggregate scores are 
reflected in Table I. 

It 1s readily seen that any attempt to reach a combat 
power ratio less than 3:1, with BLUE having a supposed minimum 
pleeepeable FPP of 18,200 at the point of final defense, would 
Bequrre an attrition of more than 159,000 FPP points from RED. 
mebitrarily, let it be assumed that 75,000 points must be 
attrited by small-unit antiarmor ambushes. If each ambush 
were to average an attrition of six tanks (two Red-type 
platoons) and three armored personnel carriers (equivalent, 
when loaded with troops, to one motorized rifle platoon), the 
loss to the Red force per engagement would be approximately 
250 points. This, then, implies that 300 such ambushes need 
be conducted before the Red force has advanced 100 kilometers. 
With ambushes oriented only on identified avenues of approach 
through the sector (keying on the observed usage of these 
avenues by the enemy force), the Blue commander may be faced 
with the task of eee an ambush every 20 square kilometers. 
A regimental avenue of approach five to eight kilometers wide 
would then have to be ambushed, on the average, every two to 
four kilometers along its potential 100 kilometer length. 

If the terrain or forces available, given the assumptions 
leading to the required density, were not adequate, the tactic, 
as envisioned, would not be feasible. It becomes important, 
therefore, that estimates of force exchange ratios and weapon 


system attrition rates per engagement be determined. With 


Ie, 
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such information, the commander may determine the feasibility 
of employing this particular aspect (the antiarmor ambushes) 
Seecne FOD. 

With the foregoing in mind, a methodology for deriving 
such exchange ratios and attrition rates is presented integral 
Memtnis study. 

See iV LOUS ANALYSES OF THE PROPOSED CONCEPT 

To the knowledge of the author, as of the preparation 
of this study, the FOD has only been subjected to an exercis-~ 
ing of the "JIFFY" manual wargame at Fort Leavenworth, Kansas, 
in 1971-1972, and periodic field simulations utilizing students 
from the Infantry Officer Advanced Course at the United States 
meny Infantry School, Fort Benning, Georgia.? POCtMer onal, 
the FOD concept was sent to the other Army branch schools for 


staffing during its formulation phases. 


4 NOTE: These field exercises are run under the auspices 


of the Defense Committee, Brigade and Battalion Operations 
Bepartment, USAID, and involve pitting two groups of vehicular- 
mounted students against each other. One group acts as the 
attacking Warsaw Pact-type Red armored force, moving along a 
predetermined avenue of approach through the training area. 
The other group simulates a force composed largely of ATGM 
systems with a mission of conducting a Force Oriented Defense 
in the assigned sector. Besides providing the students experi- 
ence in selecting ATG firing positions and ambush killing 
zones, the exercises have shown that the assumed Warsaw Pact~- 
type tactic of fast-moving column formations judgmentally re- 
sults in more Red tank losses than the more cautious US rate. 

- Essence of conversation with LTC Joseph Keyes, Chairman, 
Defense Committee, BBOD, USAIS, Fort Benning, Georgia, 29 
mame 1973. 
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Pee Neovo lo OF THE PROPOSED TACTIC 


A. A HIERARCHY OF MODELS 

Prior to actually field testing a concept, some form of a 
relatively cost-effective analytical study is normally taken. 
Since the complexities of modeling a small-unit antiarmor am- 
bush require more than a measure of effectiveness such as the 
rate of FEBA movement or tons of ammunition expended per day 
in support of troops in contact, one sees that a purely analytic 
formulation of this concept will yield no tractable closed- 
form solutions. This, then, leaves high resolution simulations. 
It was recognized that some significant changes might be re- 
quired to model the FOD small-unit antiarmor ambushes by such 
high-resolution simulations as DYNTACS and CARMONETTE. 

In light of the foregoing, a base-case scenario, with a 
set of realistic model-simplifying assumptions would act as a 
first cut at the modeling problem; actina as a guide to the 
Simulation model formulators. 

Tins “Study ; then, has sought, through development and ex- 
ercising of a manual war game, the derivation of both a base- 
case methodology and suggested model-simplifying assumptions. 
Although the model is quite simplified, it presents a means of 
considering, sequentially, the critical events and situations 
impacting on the battle outcome. These events and situations 
Mmieiluce, but are not restricted to: Composition of forces; 
formations and rates of movement; tactical plans and standard 
operating procedures; and, target detections, acquisitions and 


engagements , 
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To be of value, given the tactical situation and mission, 
such a model should provide, as outputs, exchange ratios of 
weapon systems or tactical organizations, weapon attrition 
(kill) rates per type engagement, end-of-engagement disposi- 
tions, and indications of whether or not a force appears to be 
employing its optimal tactics. (Such outputs were secondary 
objectives of this study.) 

Realistic values for outputs, such as those enumerated 
above, are not necessarily to be expected from the proposed 
model in that the inputs employed were, in many cases, gross 
approximations of or extrapolations from known data. This is 
particularly the case as applies to Warsaw Pact-type weapon 
system characteristics, and characteristics of classified US 
antitank guided missile systems. (Although the foregoing 
smacks of lacking in mathematical rigor, the reader is re- 
minded that the main purpose of modeling is taken to be the 
G@evelopment Of insight.) What is of use, therefore, is the 
methodology employed, providing the framework into which up- 
dated or classified versions of the data may be put and 
exercised. 

Since exercising the manual war game, involving random 
number draws for determination of results at each step in 
each engagement, required a great deal of time, the obvious 
trends detected within the conflict simulation were extracted, 
linked with the hit/kill probabilities, target acquisition 
times, etc., and incorporated into an expected-value model. 
The expected-value model was, in turn, exercised to derive the 


exchange ratios, weapon attrition rates, and insight into the 


Ze 





optimality of the tactics employed. 

The approach of using an expected-value war game allows, 
more readily, a sensitivity analysis or complete parametric 
Stuay, 2S more situations, initial force levels, and battle 
termination conditions may be exercised within the latter 
form of the manual game, for the same effort expenditure. 

Peo lPGLEYING ASSUMPTIONS 

Prior to development of the war games, and concurrent with 
the first attempt at the scenario, a list of simplifying as- 
Sumptions was devised. The following list, by category, 
reflects the basic initial assumptions. More specific ones, 
as pertain to a specific weapon system, for example, are in- 
S@eeporated later in the study. 

1. Situational Assumptions 

a. A non-nuclear limited-general or general warfare 
environment. 

be S@entral--European-type terrain. 

c. No basic changes in the political policies of the 
governments concerned. 

d. No near-future improvements, from the defender's 
Pommeror Views in the current force imbalances. 

e. A general air-parity exists with Red having a 
slaght advantage. Either side can gain local air superiority 
for short periods of time. 

f. Red has launched his armor-heavy offensive, with 
little warning to Blue; the implication being that the only 
ground forces Blue can employ are those currently stationed in 


Central Europe. 
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g. The equivalent of a Red combined-arms army attacks 
each Blue forward mechanized infantry division; the assumed 
approximate combat power ratio being seven-to-one (7:1). 

Zoom janizational Assumptions 

a. Red Units 

(1) Basic organization is as reflected in Refs. 4 
aces and Table 1. 

(2) Exceptions to (1), above, are the incorporation 
of Soviet-type armored equipment into the tables of organization. 
The T-62 (main battle tank), the BMP-76 (armored infantry combat 
vehicle), the BRDM (amphibious scout car and ATGM launch 
vehicle), and the 85mm (ATAP) replace the 100mm medium tank, 

APC 3, APC 4, and 57mm (ATAP), respectively. 

(3) Two. BRDM per motorized rifle battalion are 
configured as ATGM launch vehicles, mounting the "SAGGER" 
missile. 

(4) One BMP-76 per motorized rifle platoon has a 
SAGGER missile mounted on a launch rail above its 76mm smooth- 
bore gun. 

(Sjm Red units are at full organizational Strength 
at the beginning of each ambush. 

b. Blue Units 

Qin Basacrordanrz2actcnm sas oer tae N-series 
Table of Organization and Equipment [Ref. 10]. 

(2) Antiarmor weapon system augmentations and 
replacement have given each mechanized infantry battalion 27 
MAW and 18 HAW, replacing the 90mm and 106mm recoilless rifles, 


respectively. 
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(3) Each of the mechanized infantry divisions has 
one tank battalion equipped with the MGOA2 main battle tank, 
which mounts the 152mm gun-launcher (~-firing the A2(M) ATGH 
em the 152mm HE round). 

ewe Doctrinal and Tactical Assumptions 
a. Red Units 

(1) The Red force units attempt to move at an 
average speed of 15 kilometers per hour, in regimental column 
formations, accepting exposed flanks so as to achieve a rapid, 
deep penetration to the rear of the Blue main defense forces. 

(2) Mobile regimental artillery is positioned 
close behind the attacking echelons, having a response time 
to targets of opportunity of from three to five minutes. 

(3) Individual tank crews in Red tank platoons 
will normally engage the same targets encaged by their respective 
platoon leaders unless they detect a high threat target requir- 
ing immediate counter-action [Ref. 11]. 

(4) Red motorized rifle units will prefer to re- 
Haid mountedern their BMP-/6's, firing from firing ports in 
the sides of the vehicles, thus ensuring maintenance of the 
momentum of the attack. They will dismount only when necessary 
Pommemove or destroy obstacles, barriers, or dug=-in enemy 
merces. 

(5) Main gun fire from BMP-76's will be employed 
in the same manner as in (3), above. 

(6) When engaging tanks or other armored fighting 
vehicles at ranges beyond 500 meters, the BMP-76's will halt 
to fire their main guns. Engaging close-rance targets and 
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Memcounel, the BMP-76's will fire either main gun or coax MG, 
ole advancing to close with the target. 
bee blue Units 

Geme>Mestouhigh vulnerability ofshelicopters to 
AAA systems, employment of helicopters as AT systems are re- 
stricted to raids on highly lucrative massed armor targets 
such as assembly or staging areas rear of the enemy lines; or, 
held in general reserve to be employed as part of armor-heavy 
counterattacks of deep armor penetrations. The latter to be 
the case, especially where the enemy tanks have outdistanced, 
or otherwise become separted from, DS AAA weapons and armored 
imeantry units. 

(2) Due to limited combat and combat support 
resources and extended defensive sector frontages, mechanized 
infantry divisions will employ the Force-Oriented Defense, 
making maximum use of reinforced mech infantry platoon antiarmor 
ambushes. 

(3) Long range ATGM fires are used to attrit the 
enemy force, maintain contact with the enemy's first echelon 
units, and draw eneee units into the killing zones of the 
small-unit antiarmor ambushes. (See Ref. 12 for a detailed 
discussion of such tactics by the Soviet armed forces as part 
of their antiarmor warfare.) 

(4) Due to sparsity of friendly troops to their 
Poent andulack of massed mutually supporting fires, artillery 
units are positioned between one-third and two-thirds of their 
maximum effective ranges ahead of the first~-echelon enemy units 


Mierearvyard of the foremost friendly units, whichever is the 
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lesser distance [Ref. 8]. 

(5) Due to firepower superiority of the Red 
artillery, and presumed responsiveness to counter-battery fire 
musstons by the Red artillery, the Blue artillery batteries 
normally displace after the equivalent of, at maximum, a 72- 
foumca battery volley (~one fire mission). 

(6) Maximum use of artillery and mortar antiarmor 
ambushes is employed. (See Ref. 18 for an historical account 
of devastatingly effective Soviet artillery ambush of elements 
Of four German panzer and motorized infantry divisions.) 

weaeocenarilo Assumptions 

a. Suitable ambush killing zones are available which 
afford a maximum capability to simultaneously detect multiple 
armored targets at ranges up to 3,000 meters for the ATGM 
systems in the ambush force. 

b. Unless forced by the situation to do otherwise, 
the antiarmor ambush would not be executed on Red recon units 
of five vehicles or less. 

c. The ambush force (a reinforced mech infantry 
platoon) achieves surprise, being undetected by Red recon 
Marts Or first echelon attack forces until its initial rounds 
are fired. (This presupposes that detection of the ambush 
force elements by the Red recon unit would result in exchanges 
of fire such that the recon unit would be the force ambushed. 
It is assumed that the Blue ATGM systems would track the recon 
force vehicles until they had completed passage of the killing 
zone and no longer posed a threat to the ambushers' achievement 
of surprise.) 
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d. Blue communications is effective to the point that 
an ambush warning order can be relayed approximately 30 seconds 
before the ambush order is given, and can be received by all 
etements. 

Crmeeeieervisipility is such that initial hand-offs are 
completely effective and all ATGM systems can engage their 
g@nitial assigned targets within five seconds of the end of the 
Beaecr tO Open fire; this order being given by the mech platoon 
leader. 

f. If any Red vehicle detects the launch of an ATGM 
at it, it will attempt evasive action and will immediately 
begin the process of engaging the ATGM, unless already in the 
process of engaging another high-priority target. 

g. The infantry portion of the ambush force will 
place its vehicles in covered and concealed positions (relative 
to the Red force) to the rear of the ambush position and near 
enough to allow the platoon to be mounted and moving in less 
than three minutes from the start of the ambush at t=0 
seconds. 

h. The Blue tanks will be positioned to both saecues 
pate in the antiarmor ambush and provide covering fires to the 
withdrawing mech infantry platoon (which has no tank-killing 
capability while moving, the armored personnel carriers being 
armed with caliber .50 machine guns [Ref. 8]). 

i. The Blue tanks with HAWs will continue to engage 
the ambushed enemy force until the mech platoon is clear, or 


effective counter-fire is generated from the Red force. 
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J. Each ATGM system must be stationary throughout 
mhe target engagement process until the missile impacts in 
Sraer to achieve any reasonable probability of a hit. (Any 
launch vehicle movement is assumed to cause loss of missile 
Sencrol.) 

Kk. Due to the general lack of opportunity to register 
targets in the ambush area, Blue artillery would be on call 
with the target area being the approximate position of the Red 
Meattalion second echelon units. 

1. The Blue mechanized platoon has a quick-fire radio 
Simannel to the company's attached 4.2 inch mortar platoon and 
meow pactalion's direct support 155mm howitzer battery. 

m. The Blue mech platoon will remain in firing posi- 
tions approximately 30 seconds after initiation of the ambush, 
engaging as many Red AFV's as possible in that time. (A first 
estimate of the maximum allowable time before the Red AFV's 
Gan begin to bring effective fire to bear.) 

n. The Blue dismounted withdrawal rate averages 10 km/h 
and the mounted rate is 15 km/h. 

o. The Red tank battlesight ammunition is not fixed, 
and for initial convenience was assumed to be the appropriate 
meee round to best kill the type target engaged in each case. 
(Tatas HvaPDS (FS) rounds were fired at all AFV's, and HEAT 
(FS) rounds were fired at all personnel and dismounted ATGI1 
targets.) 

p. Due to differences in required superelevations 
and firing ignition circuits, simultaneous engagement of targets 
by the main gun, coax MG, or mounted ATGH from the same AFV 
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are assumed to be impossible in this study. 

Gee S1lUG sniper fire is employed to the maximum extent 
Possible in the ambushes to kill AFV commanders and drivers, 
Or otherwise limit the commanders' abilities to detect and ac- 
quire targets and observe the battlefield. (See Ref. 12 for 
an excellent discussion of sniper and machine gun fire in 
Soviet antiarmor ambush tactics.) 
eee DATA DEVELOPMENT 

1. Requirements 

In undertaking the development of the manual war game 
inherent to this study, it became apparent that the important 
characteristics of all the systems to be modeled had to be 
determined. Important characteristics were determined to be 
those which affected the course of the battle during the period 
considered. The implication here, for example, is that the 
fuel capacities of vehicles were not considered important due 
to the relatively short projected duration of each antiarmor 
ambush. On the other hand, all events and times involved in 
the target engagement processes were felt to be of importance. 
Similarly, system characteristics which determined short-term 
Meelltey, SULVivability, reliability, and target hit/kill 
Capability were also critical. 

To maintain simplicity in the model, the inherent mobility 
of each vehicle was assumed to provide a constant speed of 
15 km/h. Survivability was assumed assured against small arms 
Gmgeenmomnall AFVS (to inciide external trappings) as this is 
an example of extreme-casing the solution - any effect result- 


ing could then be judgmentally applied as a bonus to the firer, 
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but the exact effect would be indeterminable. Similarly, near 
misses with high explosive-type rounds were assumed to have 
only suppressive effects; the fragment damage to antennae, 
fision blocks, fording equipment, etc., being, again, bonus 
effects which would be contingent upon future events outside 
of the engagement in question. 

A further simplification was the assumption that all 
Systems were completely reliable throughout the battle, unless 
they were mobility-, firepower-, or catastrophic-killed. 

Ore ritiGal Event Times 
In a two-sided battle such as the antiarmor 

laos, the Critical event times were felt to be times for 
target detections, target acquisitions, and target engagements. 
These included response/reaction times, weapon load times, 
system aiming times, system displacement times, target hand-off 
iimies, projectile flight times, and time delays caused by judg- 
mentally applied indecision or suporession. 

Since the distributions of all such times were not known, 
best estimates and, in several cases, gross approximations had 
to be found. 

be Hie, Probabilities 
As assumed under paragraph C, above, except for 
personnel and ground-mounted ATGMs, targets required projectile 
impact to be considered hit (-for other than judgmentally 
applied suppressive effects). The individual system hit 
probabilities are greatly system, target, and situationally 
dependent. Since few of the characteristics of Warsaw Pact- 


type systems or US classified ATGM systems are available, or 
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mae De incorporated into an unclassified study, best unclassi- 
meen Estimates had to be found. In several cases, gross 
extrapolations from assumed similar systems or results of 
experiments were used. 
Sem cenditional kill Probabilites 
Normally, given a target hit by an antiarmor 

projectile, some damage will result. The amount of target 
damage or type kill was assumed to fall into one of the cate- 
G@eries of kills: fobility, firepower, cata eemeeilic. OG 
mobility-union-firepower. Since it is theoretically possible 
for an armored target to be hit and sustain no appreciable 
damage, such a hit was presumed to have had some suppressive 
effect. This suppression, whether it was in the form of a 
loss in mobility, firepower, or missile control; or, it caused 
a time-delay in the target's own target engagement process; 
was, judgmentally applied, taking into consideration the 
Situation and systems involved. Any hit which did not result 
in at least a mobility-union-firepower (MUF)-kill, was assumed 
to fall into this suppression category. 

ime. type Of kill, given a hit, is a Eunctron of target 
@mmor cChasacteristics, projectile penetration or spalling 
effect, angle of incidence to the armor (vertically), and 
eeeack angle (horizontally). (Combined within armor character— 
Metics 1S the inherent standoff distance provided by external 
trappings or standoff plates.) 

Due to the approximations necessary to determine basic 
ibmeypKobabilities, it was felt there would be little sense in 
computing conditional kill probabilities for each set of 
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angles, impact points, and weapon-target ranges. For simpli- 
Sey Of Computation and comparison, average conditional kill 
Peebabilities, by category, were sought. Again, extrapolations 
from known or estimates values were used wherever necessary. 

2. Sources and Procedures 

a. Critical Event Times 

Research has revealed some pertinent unclassified 
studies and experimental results which have produced data 
directly applicable to this study, with only minor neceranlene 
items required. The sequence of The Tank Weapon System reports 
prepared by the Systems Research Group, Department of Industrial 
Engineering, The Ohio State University, have addressed the 
target engagement process times for main battle tanks [Refs. 
14, 15 and 16]. Other pertinent data sources were the Combat 
Meer aeiens Research Group's Reference Handbook: Weapon Effec- 
tiveness Data, Part III (Weapon Data), Volumes I and II (Ref. 
17); the US Army Combat Developments Experimentation Command 
Me~ert> Tactical Effectiveness Testing Of Antitank Missiles 
Powe); the US Army Europe Pamphlet No. 30-60-1, Part One, 
Volumes I and II [{Refs.19 and 20]; and, the International 
Defense Review series on "The Modern Battle Tank" [Refs. 21 
and 22). 

Specific references employed are listed in Appendix A with 
tie appropriate algorithms, tables, figures, or discussions of 
same. 

An example of the time distribution derivations is Case 
fee trom Tab 2 to Appendix Aw This is the case of T-62 
engagement of M60A2 or HAW with aimed fire, moving firer/ 
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stationary target, first round ({HVAPDS (FS)). Here one sees 
the general equation for time to projectile imnact is a modifi- 
cation of that equation presented in Ref. 15. The detection 
times were assumed to be truncated exponentials, as shown, and 
the times of projectile flight were extrapolated from data on 
US and Soviet weapon systems presented in Refs. 17 and 22. 

The remaining times were assumed to be uniformly distributed, 
with ranges judgmentally derived. (Note that graphical de- 
rivations of the distributions of the maximums of pertinent 
time distributions are presented in Figs. 2 through 11.) 

For purposes of incorporation within the manual war game 
using the "Monte Carlo" method [Ref. 23], random numbers were 
drawn and the appropriate values were marked on the cumulative 
Meestribution functions (CDF) of the appropriate critical time 
mistributions. The corresponding points on the time axis were 
then read from the downward projections of the indicated points 
On the curves of the distributions. These, then, were graphi- 
cal solutions to the inverse CDFs used to determine realizations 
of the random variables of interest. Inherently assumed, then, 
is the existence of inverse functions for all the CDFs utilized. 

On the other hand, for the expected value approach, only 
the derived ase values of the distributions were used. For 
the case in question, above, the expected time to engage is 
tiers seconas if the T-G2 detects the ATGM launch, or 23.5 
seconds if the target is handed-off from another observer. 
(Note that all pertinent mean times are listed according to 
the engagement types represented as cases in Appendix A, Tab 


Pee enclosticre b.) 
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Pret tObabi ities 

ime wserenences listed Under paragraph 2a; above, 
were used in addition to several Ballistic Research Laboratory 
memorandum reports and a Report on Effectiveness of HE Fire 
from Tank-Mounted Weapons prepared by the Battelle Memorial 
Institute [Ref. 24]. These and other specific references are, 
aS in paragraph 2a, above, listed within the appropriate 
algorithms, tables, figures, etc., in Appendix A. 

An example of the data extrapolation used for the Soviet- 
type weapon systems follows from the assumption that the 115mm 
BeePDS (FS) round, fired with a muzzle velocity of 1,600 m/sec 
{[Ref. 21] from the T-62 main battle tank, will have ballistic 
eeabacteristics similar to the T320 APFSDS round. The T320 
fetowa muzzle velocity of 5,200 £t/sec, a ballistic coefficient 
Seek. 7l2, and is classed as a type-2 projectile [Ref. 25, 
Appendix A]. To derive the hit probabilities, the appropriate 
tables in Ref. 25 were entered using an assumed round-to- 
round dispersion of 0.6 mils. This, in turn, was taken from 
the discussion of 115mm HVAPDS accuracy in Ref. 22, and the 
related M60 APDS dispersion ie: Re lca bales 

The effect of firing while moving, with a vertically- 
stabilized main gun, is approximated from estimates shown in 
Refs. 22, 26 and 27. The characteristic shapes of the hit 
probability curves were then assumed being based on a few 
known or estimated points. 

Similarly, ATGM hit probabilities, conditioned on main- 
tenance of line-of-sight with the target, were dcrawn from 


discussions and figures presented in Refs. 28 and 29. 
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: 


Seeoconditional Kill Probabilities 

In all cases, conditional kill probabilities were 
judgmentally applied extrapolations from estimates for anti-~ 
armor munitions presented in Ref. 17. The judgmental deter- 
Minations were based on relative approximate ratios of 
vulnerable-to-presented areas, armor characteristics, weapon- 
target ranges (for kinetic energy rounds only), and locations 
of vehicular-mounted weapon systems. 

The value of the P(MUF: SSH) was taken to he: 


Seemmeood) + P{(F: SSH) ~ P(C: SSH) [Ref. 17]. 
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te VODrE DE VBEOPMENT 


The initial formulation of the scenario upon which the manual 
war game employing both the Monte Carlo methodology and the expected- 
value approach is based, is shown in Appendix A, Tab 1. The general 
situation and force organizations were modified versions of the class- 
room exercise (BG1C/M30) presented to the Infantry Officer Advanced 
Courses at the U. S. Army Infantry School, Fort Benning, Georgia 
(Ref. 4]. The Red and Blue tactics were based on the assumptions 
mired in Part Il, B, of this study, being derived largely from Ref- 


Breemces 4.7, ll, 12 and 28-32, 


ms MANUAL WAR GAME 

From experience gained through instruction on and use of the 
min BATTLE ANALYZER, developed by the Applied Physics Labora- 
tory of The Johns Hopkins University for the Department of the Navy, 
Bureau of Naval Weapons, possible techniques for simultaneously 
maneuvering and creating engagements for multiple vehicles and weapon 
systems were suggested. A maneuvering board consisting of a com- 
posite Range-Azimuth Plot and a Range-Time Plot were made ona 
scale of one inch = 500 meters. The time scale ran from 0 to 270 
seconds. With sucha plotting system, it is possible to graphically 
solve time-space relationships, as vertical projections onto the Range- 


Time Plot automatically transform relative motion problems in the 
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two spatial dimensions of the Range-Azimuth Plot, into the two 
dimensions of space and time on the Range-Time Plot. 

Given sucha plotting system, it then becomes a simple matter 
to keep track of individual vehicle or unit movements, thus allowing 
rapid estimates of weapon-target ranges or intervisibilities (assuming 
that some form of overlay has been prepared which reflects the 
scenario's assumed intervisibilities). [Ref. 33 and Figure 1] 

To preserve some form of realism, allowing the peg vats to 
attempt some form of evasive maneuver when each detected the launch 
ofan ATGM at it, small areas of vegetation or terrain contours were 
assumed to exist, within the areas of intervisibility. Due to the com- 
pwexity of trying to model such line-of-sight factors, continuously, 
these small areas were not held fixed. It was assumed that the ATGMs 
were positioned and the killing zone was chosen so as to maximize 
the existing intervisibilities. The effect of evasive maneuvers and 
normal breaks in line-of-sight due to the vegetation and slight terrain 
contours were handled by using the resulltS of experimental data given 
in Reference 18, pages 4-9. 

It was assumed that the sample experimental results applied in 
tire scenario. Therefore, for example, the probability that line-of- 
sight was not broken over an ATGM time of flight of t seconds was 
Computed to be 1-P(BLOS), where P(BLOS) is read from the vertical 


axis of Figure 16, entering on the horizontal axis with the value t. 


38 





For bookkeeping purposes, and to retain the sequential ordering 
of events, several forms were created based on critical event times. 
This enabled the recording and examination of only significant inter- 
actions of the systems involved to be accomplished in an efficient 
manner. For simplicity, event times were rounded to the nearest 
fentm of a second. Even at this, the Monte Carlo form of the manual 
game took an inordinately long period of time to run. The forms 
employed are shown in Appendix A. | 

An example of the procedure is found by examining the TIME- 
fiemORY forms. Here, the events were entered by chronological 
sequencing, the times being determined by the factors leading to 
miave-tO-engacge or time-to-impact of projectile. As systems were 
judgmentally brought into play, the sequencing procedure of events 
immediately followed from the required actions of all interfacing 
systems. (The foregoing was, of course, based on the initial assump- 
tions as reflected in Part II, B, of this study. ) 

The requirement to establish an orderly process for repeated 
computations of engagement results led to the development of several 
algorithms. The algorithms were arranged according to weapon sys- 
tems, targets, and types of engagement. For example, Algorithm III 
(Tab 2 to Appendix A) was used whenever an ATGM system engaged an 
AFV;Algorithm IV was for LAW and M-79 fire at AFVs); Algorithm V 


was used for AFV main gun fire at personnel and ground-mounted 
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crew-served weapons (to include MAW); and so on. (Note that specific 
references and assumptions pertaining to the development of each 
algorithm are listed with same. ) 

By cxalnination of the algorithms, one sees the interaction with 
Gees cenario diagram plotted on the maneuvering board, the TIME- 
MISTORY form, the engagement result forms, and the applicable 
figures and tables. It is this interaction, plus the judgmental deter- 
mination of realistic tactics based on the assumptions listed in Part II, 
fot this study, which is the manual game. The algorithms indicate 
the points at which random numbers are drawn when employing the 
"Monte Carlo'' methodology. 

As an example of the above-stated methodology, assume that 
Peror tO time t=0 seconds, the MAW in the 3rd Squad, noe has been 
given BMP-76 number lla as its target. This implies that Algorithm | 
Ili (ATGM Engagement of AFVs:Resulting P,,) applies: Since this is 
Bae iirst round for Be and sufficient warning was given to complete 
target hand-off, there is no need to first employ ALGORITHMS I and II. 
Assume aoe has completed its detection, identification, and localization 
and will fire (engage) at t=2@ seconds (assuming a slight reaction time 
delay following the order to fire at t=0). From the scenario diagram 
plotted on the maneuvering board M., has a range to lla of 300 meters, 
at t=2, and an assumed constant ATGM velocity of 200 meters per 


second. It is seen, then, that ra missile will have a time-of-flight 
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of 300/200=1.5 sec. Its time-to-impact, which indicates this engage- 
mene s placement on the list of critical events on the TIME-HISTORY 
fois © + 1.5 = 3.5 sec. 

mreprceot Algorithm Ill yields, from Figure 15, a P(SSH:BLOS) = 
we P(h:P(SSH:BLOS), in Step 4, is assumed to be 1.0, as this was 
an assigned target. 

Potion 0 S@cOondsS, «the Engagement is reentered on the TIME- 
HISTORY form, assuming no intervening event has caused — Gaestric= 
tion or suppression of either M_ or lla. 

Step 5: Using the time-of-flight of 1.5 sec, Figure 16 is entered 
to determine that P(BLOS)=0.02. Therefore, P(BLOS)= 1-P(BLOS) = 
Ons. 

Step 6: P(SSH)= P(SSH:BLOS)P(BLOS)=(. 86)(. 98)=. 843 by 
unconditioning. 

Step 7: Assuming that the first random number drawn is less 
Mieam or equal to .843, a hit is recorded. (If there were no hit, the 
ATGM would begin a re-engagement process wherein the times to 
detect and engage, given detection, would be determined from 
ALGORITHMs Land Il respectively. “At this point, the algorithm 
would begin again. ) 

Step 9: In Table III, the pertinent conditional-kill probabilities 
are found. Following a random number draw (from a table of random 
numbers such as found in Ref. 34), a comparison is made such that 


the category of kill closest to being greater than or equal to the 


4). 








random number is the type kill achieved. Suppose the random number 
is .9803. Since this is greater than all of the categories listed under 
BMP-76 in Table III, for the MAW type ATGM, the judgmental applica- 
tion of a degree of suppression would be made in the manner discussed 
mee art Il, paragraph C.l.c, of this study. If, on the other hand, the 
random number were .7201, a firepower-kill would be recorded and 
BMP-76 number lla would be assumed mobility-suppressed for 30 
seconds, in addition to being unable to engage targets for fee remainder 
of the battle. (Note, by being mobility-suppressed, lla is now an 
easier target for other weapon systems. By convention, however, me 
begins a new detection and engagement process, having achieved a 


Significant kill on lla.) 


3. PXPECTED-VALUE MODEL 

By contrast, an expected-value approach is a much-simplified 
version of the manual game. By examination of the expected value 
algorithms in Appendix A, Tab 2, one sees that no random numbers 
are drawn. The values used are always the mean, or expected, values 
of the time distributions concerned. The hit probabilities are read 
directly, and the conditional kill probabilities are computed, weighted 
by these hit probabilities. At this point, fractional kills on the target 
are recorded by category, as the category values are weighted by the 


hit probability. 
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For example, if the same situation were posed as in paragraph A 
above, the conditional fractional kills, by category, from Table III, 
mould be M= .95, F=.75, C= .74,MUF= .98. From Figures 15 and 
16, P(SSH) would again be = . 843. Now, the fractional kills, by cate- 
wonry, for ae against lla, would be M=(. 95)(. 843)= .80, F=(. 75) (. 843)= 
moec, and so on, 

Also note that the engagement results recording forms have been 
maocditied for the expected-value type of fractional kills. 

Here, now, lla may engage ae Or any Othertarvet, but its: come 
bat effectiveness has been reduced such that its kill probabilities are 
degraded to 1- .632 = . 368 times their normal values, to account for 
the previous engagement results. This suggests the only complicated 
portion of this approach, fractional kills from multiple engagements 
of the same target. The rule is that kills are only awarded relative 
to the fraction of combat effectiveness the target possessed at the 
beginning of the engagement. For example, achievement ofa fire- 
power kill of .5 against a target which was onlyat a residual fire- 
power effectiveness of .6, due to having been F-killed at .4 ona 
previous engagement, would result in an awarding ofa fractional kill 
of .3 to the second weapon system. And, the taget would now have a 
residual firepower effectiveness (% F) of .3. 

The reader will note that the expected-value methodology, as 


presented, 1s between the straight deterministic approach and a 
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stochastic manual simulation. The straight deterministic, analytic 
approach was ruled out as an approach for this study due to the com. 
plexity of the scenario, combat dynamics, and possible objective func- 
tion which would result from this mxn, heterogeneous force structure. 
(Note, for this conflict, breakpoints are not modeled since Blue has 
a specified time of withdrawal, and Red is assumed, doctrinally, to 
push forces until expended, and then commit new forces through. ) 

On the other hand, the complete manual stochastic simulation is 
too time consuming and does not lend itself to reiteration, that is 
exercising for varying force compositions, weapon-target ranges, 


etc. 
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ieee eto IND DISCUSSION OF MODEL EXERCISES 


A. THE "MONTE CARLO" MANUAL WAR GAME 

Although exercising the manual game was a very time consuming 
task, it provided a framework for analysis of variations to aspects of 
the proposed tactical concept and allowed the development of model 
logic for further, detailed modeling and analysis. 

1. The results, although greatly scenario-dependent, could 
weadily be generalized to give insight into the feasibility or optimality 
Ottive tactics employed. 

a. lhe high initial kill rate inflicted on the RED force in 
the first seconds of the battle was offset in large measure as the 
RED force systems were brought into play, building a higher volume 
of fire than that possible from the defender. (See APPENDIX A, 

TAB 3, ENCLOSURE a.) Recall that the ambush techniques inherent 
to the FOD require that disengagement be possible before the RED 
forces can react. If this is not possible, this aspect of the tactical 
concept fails. 

b. The initially set requirement for the mechanized infantry 
platoon to remain in the ambush positions until the ambush had been in 
progress for 30 seconds, resulted in one of the rifle squads being 
engaged by a RED tank while the squad was mounted and moving in 


its armored personnel carrier. At the point of interest, there was 
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m@oerantiarmor system available to preclude the tank's engagement of 
and destruction of the rifle squad and its APC, at t= 156 seconds. 
Recall that the 30 second ambush time limit was set, based on the 
initial assumption that it would be 30 seconds before the RED force 
could begin to bring effective counterambush fires to bear (assuming 
that a tank could get a maximum of two main gun rounds fired in this 
memied Of time). NOTE: This same time limit was re-examined in 
the expected-value game in order to check the results; and, was 
found to yield roughly the same results, although this action was 
extrapolated to, beyond the point of actual game termination. 

c. Main gun fire from BMP-76s, while moving, had little 
Sect onthe BLUE force; but when they halted to fire at armored 
targets, by the third rounds they were achieving casualty production. 

de Alinough artillery fires were not explicitly played; the 
battle results would have been virtually the same for the forces in the 
ambush force and the RED first echelon force caught in the killing 
zone. This was the case because the BLUE artillery would have been 
adjusted on the RED battalion's second echelon units to inhibit their 
effectiveness in engaging the BLUE force by fire or maneuvering on 
that force in its ambush positions or during its withdrawal. The 
RED artillery was assumed to have a three to five minute delay time, 
and, as such, was the basis for the decision that all BLUE elements 


be mounted and moving prior to t= 180 seconds. 
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Pees tr returc-wWice the manual pame is complicated in that it 
requires the simultaneous manipulation of several forms, figures, 
tables, anda plotting board. But this form has the advantage of being 
modular in nature, allowing the easy substitution of classified system 
characteristics or known critical event time distributions where 
herein they may have been assumed, based on intuition alone. 

3. Some of the simplifying assumptions do provide what may 
eventually prove to be great breaks with reality; for example, the 
whole effectiveness of the ambush technique presuppos es an ability 
to avoid detection by the attacking force until the initial rounds are 
fired. Another implicit assumption is that the RED AFVs could 
Penduct evasive maneuvers from the BLUE ATGMs, while initiating 
eaunter-sengagpement procedures, This may seem to be contradictory 


in nature, but it was assumed that such could somehow be effected. 


BD: THE EXPECTED. VALUE MANUAL WAR GAME 

we to the form of some of the critical event time distributions, 
use of the mean value to represent the expected value slightly biases 
the times toward the longer values. This is the case with non- 
symmetrical distributions such as the exponential, wherein more 
than 50% of the observed values will be less than the mean. For this 
reason, the distributions for other than the uniform random variables 
were plotted, and, in some cases, graphically derived, so that the 


user could use median values, if such were the choice. (See 
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Perr NDIX A, TAB Z, ENCLOSURE b.) Note that some of the critical 
event distributions were modified during research and development of 
the expected-value game; therefore, pairwise comparison of game 
results, except where the comparison is obvious, is not recommended. 

Im the BLUE force achieved a significantly favorable force 
exchange ratio of 8. 75:1 during the initial 16.3 seconds of the battle, 
put this advantage rapidly deteriorated to 2. 7:1 at the original mech- 
anized infantry platoon withdrawal time of t= 30 seconds, and was 
down to 1. 6:1 when the game was terminated at t= 40.5. The next 
time of possible RED system attrition would have been at t= 54. 3, 
while many RED system firings were scheduled in the first few sec- 
onds after game termination. 

2. The values of the exchange ratios listed in paragraph l, 
above, are dependent upon the weights assigned to the various systems 
examined. Although the weightings were judgmentally determined, 
they are similar to the most widely used modeling tool for measuring 
combat power: firepower potential scores. The actual weights used 
were judgmental modifications, by the author, of firepower potential 
scores, as listed in Reference 9, and an Rats sited version of the 
standard weapon system weightings employed in the Weapon Effective- 
ness Indices/Weighted Unit Values methodology. (See TABLE VI.) 


[Refs. 35 and 36] 
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3. With the exception of the significant kills achieved on the 
MAWs, the greatest single BLUE attrition factor was the fire of the 
two BMP-76s in the first echelon armed with SAGGER ATGMs. (Note 
the large increases in the cumulative losses at t= 32.4 and 37.8 on 
Mieure 28. ) 

4. Removal of the two high MAW losses and the RED ATGM 
fats reduces the locus of points for the BLUE force in Figure 28 to 
a relatively constant slope (loss rate) which reaches a maximum at 
t= 40.5 of 45.493 points. This implies a resultant exchange ratio of 
approximately four-to-one. Such removal would be accomplished by 
early engagement of the RED ATGM launch vehicles and an earlier 
withdrawal of the BLUE infantry elements. 

5. An attractive feature of positioning the HAW and M60A2 at 
greater ranges than exercised in this model is shown by the following: 
Extending the range of initial engagement from 2000 to 2500 meters 
mamisies the P(C.Kill)s on T-62s of (. 92)(. 7)(. 6)= .386 for the HAW, 
and (. 92)(.65)(.55)= .329 for the M60AZ2, to be decreased to . 363 and 
.320, respectively; eirerens: (heel soc chet Galvilpon-an 2b G=cize 
target will decrease from .028 (on the eR round, while moving) 
to virtually zero since it is questionable if the kinetic energy round 
would penetrate the required depth of armor at extreme ranges [Ref. 
21], given that it did hit. This range extension then offsets the in- 
creased relative superiority in rate of fire which the RED AFV 


possesses. (Note, the RED gun systems may continue to fire at 
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approximately the same rate, while the BLUE ATGMs have an 
additional 1.5 to 2.5 seconds of projectile flight and, therefore time 


between rounds. ) 
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Vo CONCLUSIONS AND REGOMMENDATIONS 


A, CONCLUSIONS 

1. Given the validity of the scenario assumptions relative to 
tactics, and the appropriateness of the critical event time distributions, 
the tactic of having the mechanized infantry platoon continue engaging 
targets until t= 30 seconds is not feasible as it results in losses to the 
infantry force and requires that the M60A2s and HAWs initially engage 
the RED tanks which are the highest threats to the infantry in this 
situation, and continue to do so until the infantry force has disengaged. 
This, inturn, results in higher loss rates for these systems as the 
RED ATGM launch vehicles are left unengaged and capable, in turn, of 
engaging and killing the BLUE ATGM systems. 

2. In line with an earlier infantry disengagement, at around 
f=—95 to 10 seconds, the BLUE ATGMs should have as their first 
priority, the destruction of the overwatching RED ATGM launch 
vehicles. 

3. Inorder to preclude RED armor maneuvering on the 
withdrawing infantry before they can completely disengage, the 
M60Az2s must be in positions which afford observation and fire in the 
Vicinity of the infantry routes of withdrawal. This might necessitate 
displacement after the first few rounds into the killing zone, in order 


to reach such overwatch positions. 
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eee nie GM launch vehicles in the first echelon force 
are the greatest threat to the M60A2s and the HAWs, therefore, these 
must be engaged and destroyed early in the battle. This then allows 
more flexibility in the engagement of the other RED AFYVs. 

5. The placement of weapon systems in the ambush positions 
was critical to the determination of when to withdraw the mechanized 
irantry platoon, and when to displace the reinforcing ATGMs. Trade- 
offs exist between longer engagement times and longer ranges of 
emeagement. 

6. There was a trade-off relative to the suppressive effects 
versus kill probabilities for the main gun versus machine gun fire 
from the RED BMP-76s at personnel and ground-mounted, crew-served 
weapons. The advisability of firing the unstabilized 76mm smooth- 
bore gun from the halt at long range armor targets was suggested due 
to the low single shot hit probability achieved when firing on the move. 
On the other hand, the possible increased suppressive effect of the 
coaxially-~mounted machine gun in engaging closer personnel targets 
was suggested, given that it was assumed the BMP-76s will attempt 
to close with tre enemy infantry as quickly as possible. 

7. Modeling the ambush engagement in isolation of supporting 
artillery fires was assumed to be permissible due to the lack of 
utilization of such fires directly within the killing zone, within the 


first three-to-five minutes of the battle. For this reason, the results 
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of each ambush may be analyzed in isolation, but may not be carried 
forward to the next engagement until the expected effects of supporting 
fires from both sides are incorporated. This analysis applies only to 
the gaining of additional modeling insight, since accurate determination 
of exchange ratios and loss rates must include the effects of supporting 


mares. 


B. RECOMMENDATIONS 

It is recommended that the manual war games be utilized and 
modified, as necessary, by military personnel in the combat arms 
to further explore tactical restraints required under varied scenario 
conditions such as increasing the density of RED ATGM systems in 
the first echelon, altering the initial engagement ranges, or changing 
the orders of battle. 

It is further recommended that the modeling assumptions be 
examined by personnel involved in high resolution simulations of the 
Force-Oriented Defense to assist in establishing the bases for initial] 


runs. 
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Pe ee ae: 


THE MANUAL WAR GAME 


This appendix presents the component parts of the manual game 
meet was developed. Figure | reflects the base-case scenario dis- 
position of forces at the time of initiation of the ambush. Note that the 
weapon-target ranges are measured from center mass of each symbol 
used. 

To further present, as concisely as possible, the base-case 
eemarlo as it was exercised, the appendix includes pertinent extracts 
meee cxercise reflected on the type record forms used. 

TAB 1 (The Manual Game: Procedures and Rules) to this 
appendix sets the stage and initiates the sequencing of the game. 

TAB 2 (Elements of the Manual Game) to this appendix provides 
the pertinent critical event time distributions, figures and tables of 
hit probabilities and conditional kill probabilities, and the algorithms 
with which critical event times and engagement results are determined. 

TAB 3 (Analysis of Exercise Results) to this appendix includes 
the aforementioned sample record forms, on which are reflected 
Pomiceor the engagement results, in order to clarify the analysis and 
the methodology employed. 

(The Manual War Game: Procedures and Rules) to APPENDIX 


oe) LAB 1. 
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Figure 1. Scenario Diagram: Initial Dispositions. 


38) 





oy. EROCEDUIKES 

I. Select an appropriate order of battle for both RED and 
Book. 

2. Given an ambush killing zone at least 1000 meters in 
diameter, position the ambush force and determine appropriate zones 
of intervisibility. 

3. Select appropriate formations for the RED first and second 
echelon forces. 

4, Place the RED force, in these formations, with the first 
Cemelon unit in the killing zone. 

5. Assuming an ambush initiation order given, judgmentally 
assign firing times to all BLUE weapon systems (abort those, such 
as LAW or M-79, which may have P(SSH)s which are too low) within 
the first five seconds. 

6. Enter the appropriate algorithms to begin the target engage- 
ment processes. (See TAB 2, this appendix. ) 

fom recordeon PORN A TiIMBehisa TORY) the calculated impact 
times for each Bee omeat As these times become the next critical 
events, re-enter the engagement on FORM A, compute and record the 
engagement results. (Round all times to the nearest tenth of a second. ) 

8. Judgmentally bring each system, on both sides, into play 
in as realistic a manner as possible. As each begins its target 
detection and target engagement process, the sequence of critical 


event times is automatically generated. 
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Ce Usecmpie LTIME-HISTORY form to keep track of the next 
critical events. 

10. Remove BLUE systems to covered and concealed positions 
mertm@ey become mobility or firepower-killed. (For the expected-value 
game, this is begun when the cumulative fractional catastrophic kill 
reaches or exceeds .50, or the MUF-kill on any one hit is greater 
than or equal to .75.) 

11. Begin withdrawal of BLUE mech infantry meteor weapon 
systems and personnel at or before t= 30 seconds. The only exception 
is fora MAW gunner who has launched his missile prior to t=30; in 
which case, withdrawal for that gunner would begin immediately 
following missile impact. 

12. Withdrawing personnel will be moved by the most direct 
route at 10 km/hto the APCs. Load time for the APCs is assumed 
to be 15 seconds. 

13. Keep track of all current positions through plotting move- 
ments on the scehario diagram (maneuvering board). 

14, Tademontaliy terminate the engagements when the BLUE 
mae ch infantry platoon is mounted and moving, or prior to t= 180 
seconds, whichever is sooner. 

I5. Assume RED systems will continue area fire once the BLUE 


systems withdraw. 
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B. Paolo -DiSCIsION RULES 

Wee uLGimatically delay. by five totenseconds, times to begin 
target detection/acquisition for RED AFVs belonging to company com-~- 
manders, due to the assumption that they will initially attempt to make 
estimates of the situation, issue pertinent orders to subordinates, 
report to higher headquarters, and request supporting fires. 

2. For the expected-value game, a BLUE ATGM will not re- 
engage the same target if P(MUF-KILL)=. 75 for that a or if the 
cumulative fractional catastrophic kill on that target has become 
greater than or equalto .50. Otherwise re-enpage unless a higher 
priority (threat) target is available. (The degree and realism of the 
threat is judgmentally determined. ) 

3. For the ''Monte Carlo" form of the manual game, assumea 
system will only re-engage targets which have been hit when those 
tarcets still pose a threat to the firer (or, for BLUE systems, a 
threat to the mech infantry platoon). 

4. Priority of targets for BLUE M60A2s are tanks mancuvering 
on the mech infantry platoon or which pose a high threat to the BLUE 


tanks. 
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TAB 2 (Elements of the Manual Game) to APPENDIX A 


Withim this tab are listed the criticalveévent time distributions 
Pen CLOSURE a and ENCLOSURE b), figures and tables relative to 
hit probabilities and conditional kill probabilities (ENCLOSURE c), 
and the sets of algorithms for both the ''Monte Carlo''-type game 
(HINCLOSURE d) and the expected-value game (ENCLOSURE e). 

Co-located with the materials are the specific assumptions and 


indications of the references used in their derivations. 
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mobos UIe Awe Wetinition of Symbols) to APPENDIX A, TAB 2 


ae = Time to alert crew and prepare for the firing instructions. 
T Time to adjust subsequent rounds 

a/m 
The = itime for Gilt to becin Engagement procedures = 


max(T, , Ty oie ae 
J 


T; = dame tetderecr target for first time, piven line-of-sight. 
] 
ah = Time to detect target, given target handed-off. 
2 
oe = Time to engage target, given target detected = 


Ty, Ty, Ty, as appropriate. 


Tl; = Piiie Olmront- of projectile. 

Th - Time to fire subsequent round, given first hits. 

qT; - Mie te prejyectile inapact = Toth - 

TL = Time to make final lay (first round). 

ey - Dyave to select ammunition and load gun. 

es - Time €O tale. subsequent round, Given previous round 
iiss cs. 

T, - Time to fire first round, given a detection. 

TR = Time to range on target. 

Ts - Time to swing gun roughly on target. 

l¢ = Dime to sense round. 

te = Time to stop vehicle moving 15 km/h. 

NGS a is a realization of the random variable a fOr a tay. 


‘e is the mean or expected value of a FOvra a. 
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ENCLOSURE b (Basic Assumptions and References 
Pveomeerveinenia Iyopes) to APPENDIX A, TAB 2 


Pwo cient myoes Nave the storm: 1,,K,1,m, where 


Ss) gee 


=e 1,2. First or subsequent round at the same target. 

ee ee is direct/aimed fire. A is area/indirect fire. 

= M,S. Mis moving firer. S is stationary firer. 

= M,S. Mis moving target. S is stationary target. 

= M,H. Mis previous round misses, His previous round hits. 


1 Detection without external assistance. 
2 Detection involving direction from external source 
(Hand-off). 


Detection and Engagement Times by Engagement Types: 


(Unless otherwise referenced, distributions are judgmentally 
derived and simplified. ) 


References/Assumptions 
1DMS1 (-2, 1DMM1, -2, 
1DSS1, -2, or 2DMMM) 


Cl) elank: ver or mcm? + 
sighs Al, Assume stabilized gun. 


ee 
iRiets 12 kandeacs 
P(Ta, t) l~exp(.0. 5t), t49.2 Assume exponential (0. 5) 


1 POU. 4 truncated abt-G.2.5cC. 
0 , otherwiseSee CDF Figure 2. 
tay Is SE ou Ge 
P(T, <'t)= l-exp(-0. 1t), t¢46 Assume exponential (0. 1) 
Zz ] , 46 truncated at t=46 sec. 
Oa. otherwise see CDF Figure 3. 
G. = 10sec 
d2 
Ae uae Ret. 15) page 129. 
P(T. £t)= (t-3)/6, 34t<9 Assume U [3, 9] 
] Paar, 
QO , otherwise 
‘(a6 
a 
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P(T St) ae eola Esc 
] tee 
O , otherwise 
te Sea) 55 
= 1.5 sec 
P(T st)= (tao) one 2 5st25.5 
1 a too. 2 
0 , otherwise 
Lae 3 sec 
P(T, St)= (t-2)/2, 22t¢4 
L 
i , 4 
0 , otherwise 
to Bee 
te is determined from Figure 
€. = t,t15.5 sec 
1 f 
te =t.4123..5 sec 
1 £ 


t = 6/a, where @ is the 
S 


angle of turret traverse 
angen cutter ote7O1 
turret traverse [Ref. 22] 
Mesumie Uy lec| 


Assume U [.5,5.5] and 
independent ol range 
due to use of target- 
height comparison gra- 


ticules [Ref. 21]. 


Assume U [2, 4] 


Without hand ott 


With hand-off 


Hor Dost ior-2) where tank 15 initial= 


a vated TypaTztmax(T . Ts)+ 
ora auks 
ledGeace-qil Ghee a 
, st S 
(¢ -2.5t4+1.5)/2, 1. 52te2 
(216-5) 7 ce 2445.5 
1 -— 2 oee5 
0 , Otherwise 
oe eh See 


(2) 


max(t.,, ue) 


LDSolior-cimor SB Mire (>, AG 
or AP 7euns 


He Os na 


ea or Lf +t, 


do 


Be cae 


(Cal ipoemlets 7 
1 erik). 7 
, otherwise 


0 
€ =4 sec 
S 


aya aes 


Pet) = 
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Assume T. Sie Ses. 5) 


t 
Pic siiier laid HG aneae 
independent. 


pee CDF Figure 10. 


Add 1 sec to each t., 
above. 


Assume unstabilized 
guns, 


Assume Zane ace and ae 


are same as for tank 


Assume U [1, 7] 





rite hie (iac)/ 6. -cst28 Assume U[2, 8] 


nS ] tyro 
0 , otherwise 
tp= 5 sec 
es (pacy7 3. oft25 Assume U [2,5] 
] ; 5 
0 , otherwise 
f= sce 
te Issdetermained trom Figure 
= t,.t20. 5 sec Without hand-off. 
i 
tr = t +28. 5 sec With hand-off. 


For 1DSS1 where BMP or AG is 
initially moving: oe +max 


Wee let ept Ly Assume T_,~U P5325) 
P(max(T.,, T)=t)= Assume Tee and te are 
(Geeac Stat. Sy YZ), 52ts3... 5 independent. 
(ial Ga 3.5*ts7 See CDF Figure 1}. 
] } cap at 
0 , otherwise Add 0.2 sec to each 
jon iz a lioou= 4.2 sec 


max(to4, ty 


t., above. 


(eel Wool Doll ec DosM. or 
2DSMM) for all ATGM AT wpns 
(a) Pompe A Pom AT wpns! Assume engagement process 


Tphe=max(TG, fitee) follows loading. 
(net) l_exp(-.2t), 0¢t224 Assume exponential (. 2) 
] , t>24 truncated at t.=24 sec 
; d 
0 , otherwise 
=e 
4 sec 
P(T£t) = (t-4)/4, 42te8 Assume U (4, 8] 
] Bye: 
0 , otherwise 
4. = 16sec 


] 
FMercirsteround of ambush.) t.°—- 0 and te is U [0.5] by assumption. 
\iailhieairens t, is judgmentally determined. 
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7 
a 


MAW: P(T =t)= 


exw: P(T St)= 
e 


A2(M): 


(1DSM1, 1ASS1, 


(l-exp(-. 2t)(t-4)/4, 4t<8 


iencol=. 2t) , &«t 


0 
tb 


, otherwise 


fo [ole = 7.0 cec 
e 


Pore Ue ALGM, 
piven target 
detected: 


Tory te ae 


Assume Typ T are indepen- 
dent. 


see CDF Figure 4. 


Following distributions 
derived {rom Civen median 
values and sample curves 
found in Ref. 18. 


l_-exp(-.082t), 120 See CDF Figure 5. 
0 , otherwise 
Gf suleae Sec 
e 
l-exp(-.087t), t0 See CDF Figure 6. 
0 , otherwise 
t= lle 5 sec 
e 
P(T  t)= Wexp(-,063t), (+0 ) See CDF Figure 7. 
0 , otherwise 
ie = 15.9 sec 
ica Tine te = range/missile speed 


For LAW and M-79: 1DSS1, 
LASM1) 


ae = max(T ,, nie ) 
t a a a 
P(T=t) {1 (29 oes aes l<et<9 
pal pes 
0 , otherwise 
ce = 5 sec 


64 


MAW: t = oR 200 My cec 


HAW: t ="R7 300 in/sec 


A2(M): th = Ry ccs sec 
[Ref. 29, p. 49] 


Assume same as for BLUE 
ATGM. 


Assume N(5, 1) 
see CDF Figure 9. 





(ob) For RED ATGM: 1D5S1 or 2Assume initially moving. 


Tp 


po ood Uae eda. 


Oisimax (1 A ) 


2 
orga (eee ot) Mcaml ees / Z, 
TO St=5. 5 
Hse rol) , 
Bacto rc 

] 
(29. 

0 meOunerwise 

they = 2.984 = 3 sec 


Si 


W=ex p(s. fiji ls5) /2, 
Ie bs bs3 5 

Perez em ke) ; 
3. 5<t446 

I ’ 
t»46 

0 ,otherwise 

‘bea, Veto Ss 51. oeSeC 


ua = t)= Pepe Oot) © 0 
0 , otherwise 
ty = 1].5 sec 
Eat ft ft) 
(c)) VBhor RE Ai sens: 
Pesos) (-2.0 leSsvil, —Z,. 
Ato le Como iO 22) 


Th ezmax(T se Uy 6 a es 


st’ dj 


He ay 


t 


tay 2 saa(ae 2 On Ne. DiGss 
for 10¢t430 
5 t>30 
otherwise 
20 Sec 


P(T_=t)= 


[3 


] 
0, 
t 

S 
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Assume BMP-76(M) has only 
one missile and BRDM(M) 
may launch subsequent 
missiles as soon as new tar: 
petcercected (followine pre- 
vious missile impact) for up 
to three missiles. There- 
fore T ada dn 


b 
where T and Tq are the 
Z 


d 
Same as for tanks. 
see CDE Figures 2 and 3. 


Assume same as HAW. 
See CDF Figure 6. 
SAGGER: te = Ry 200 Wis Sec 


mpeenoUr Pigures 2 and 3. 


Assume J Same as ior 
tank, 


Aceure N(20 6. c5) 
Sec CDE Pipure. 12; 





t 


a5 2 
tt Ey At) ren eeepc lt. Se 7 -exssume N(11i.5, 2.85) 


Ss AE obs [Ref. 17] 
Oneonta 7. 3 
] eto 00 pee Clr Pipure 13: 
0 , otherwise . 
tptT = ie. Sec 
t. is determined from Figure Peete lfeand 20, 


b. 2@DMSM (or 2DSSM) 
BiViee?G or AG 


(1) Tank: Hees I sneer eee 
t ESO GOs.. equal lager 
5 2 oe eae 
melt) = Weed) cexmetetx 23) / 2 \dx:; Assume N(8, 1) 
4 for 44t<12 see CDF Figure 8. 
] ie Fei; 155) pave ico. 
0 , otherwise = 
Le = 8 sec te = ee 
(ZED ATGNM 2bSsM (or 2DSMM)? 
Abe — ves Assume T is time to switch 
i\eeers.- 
to next missile, U [1, 3] 
SA Sat) ass 1a A Semen Ee neecea| 
S 

1 iE 

O , otherwise 

t =2 sec 
t S 

eS 2 
Ae =U) pres ere (o02o) 7 idx, Assume N(8, 1) 
4 for 4st<12 Use CDF Figure 8. 

l net Se 
0 , otherwise 
t_. = 8 sec 


L 


(3) RED AT guns: 2DSSM (2DSMM, 
2DSSH, 2DSMH, 2ASSM, 2ASMM, 
2ASSH, or 2ASMH) 


Tn =e TRtT, Same as above. 
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(4) For LAW and M-79: 2DSSM,(-H, 
2DSMM, -H, 2ASSM, -H, 2ASMM, -H) 


puis = uN seme as Tf for BLUE 
eG ii. 
= =i ial Se 1B ea oy > 8. 
Tt Tn That, ee C igure 8 


iets ae cacao | 
TG Tere range/145 m/secAssume constant due to 
relatively short rense.of both 


iMiad See t= 76 
D8 AsO cay Loe Ves ery 


c. 2DMSH (2DMMH, 2DSSH) 


Rami wo Wileo 76. Or assault Gun: 
NS Toc ee Ls) 


PACU Ee ley (t-4.5)/3.5, 4.54t¢8 Assume approximately 
] 


ec U [4.5, 8], See CDF Figure 9. 
O , otherwise 
t= 6,25= 6.3 S6c 


d. 2AMSM (2AMSH, 2AMMM, or 2AMMH) 


BMP-76 or Assault Gun: 


ae 


eee Payee oe ie ; “il g Rp ic 


d 


Assume max (T_, i )is 
same as for tank, above. 
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1. Too ead - 


b 


st a 
| CDF for T emer eee? 
3.5 





-_ © = fxat (1-exp (~. 5x) ) (x-1.5)/21+ 
sos pe ee 
/ 1.5 
-” | |xd Q-exp (-.5x)) = 2.9842 3 sec 
p / ce 
Ba / F 
/ Ghia rons . 
Caan “1 
/ 
Ay 
0 + : 
0 5. 10 15 20 pies, 
Time (sec) 
Figure 2. CDI’, of The 
Heo age Oe! I ae LENS gis SAS, Sat hg Ree OO 
L cpr 0) wel 
Se 


q 
rT 


35 


Epon Jed (Lsexp (- 1x) ) (x15) /2] 4 


CDF for ha neal ha 


= - xd (exp (-.1x)) = 7.8232 7.8 sec 
a ; 3,5 

Q] 
> CDE eEor at, 
= d 
a |, 2 

0 4 ——— 

0 10 20 30 40 46 50 

; Time (sec) 
Pagure 3. CDF. of es 

1a 












CDE wor). = max (T,,T, ) 
& 


be 
t eT Jat azexp (22) ) (2-4) /414 


: xa Q-exp (-.2x))= pe cle: 





5 § =i. eo See 
NI 
o) 
i) 
ES 
al, , | | | | 

0 : 5 10 LS 20 24 

: Time (sec) 
Figure 4. CDF. of as 
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10 


Eagure. 5. 


Figure 6. 


z0 


15 


CDF 


g 


CDF for ae (MAW) 


5 20 25 30 
Time (sec) 


Gor OL. 
e 


at 


CDF for Tee (HAW) and, 
Ty: (SAGGER) 


t = 11.5 sec 
e 


ine) 20 25 30 


40 
Tame. (See ) 
GDECe OF T 
2 e 
CBE for ve (A2 (iM) ) 
t = 15.9 sec 
e 
A A Ye 40 50 
Time (sec) 
rou ieead ly 
3 e 
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60 


50 


a2 









Ghietormeta, (2nd Round given 
m 
fiesSe Mmiescseos) 










t = 8 sec= max(t, ,t, +t. ,,)-tn 


NOTE: Use CDF for Ba £Oor 
a/m 


Tae: = 2DSST (GAGGER) 


12 Time (sec) 


Figure 8. CDF of Te, 


CDESror F (2nd Round given 


frestant ts) 
t= Macc (e ye) = ie 


j aes 


= 643 Sec 





ia 6 pal iad ? h 
ue d , 

E+ / 

Q, on 





0 2 456 8 
Ercinen) . esCDE JO2 Ef 


Time (sec) 


h 


ie 0 ae 
a 
7 pe =CDF for max (To4,To), assuming Ep ae inde- 
on oe pendent. 
Nn t = 2.5 sec 
5 | max(t_,t.,) 
J ° 
Uv) C3 
s 
: | 
rte} ; 
ie > J CDE fis Ah t 
um QO - = 
oe Time (sec) 
Figure 10. CDF, Of max (T_,,T.) 
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“CDF for max(T_./To), assuming ToT 





aff independent. 
“wo 
“39 t = 4.165+ 4.2 se 
6 Moai ees tee sci Oe Nak See 
cb Stuns 
a 
is 
te 
Ao 4 ; 
0 : i Time (sec) 
Ragore me CDF, of max(T_.,T.) 





0 10 20 30 
Time (sec) 
Figure 12. CDF of T. 





0 5 10 iS 20 
Time: (sec) 


Fa Cure. tse. SCD oT (TL+T, ) 


feat 
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Lory 
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Value of Uniform 


© 
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0 -4 


Figure 14. 
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ENCLOSURE c. (Hit/Kill Probabilities: Figures and Tables) to 
AeEENDIX A, TAB <. 
Figures: Poet colle OS) for ATGM 


lie. CUA ty ae erROBABILIPY OF TIME TO BREAK 
MINS SO neSIGiT 


ieee PiGSH) HOR LAW FIRING AT T1262. 

18. P(SSH) FOR LAW FIRING AT BMP-76. 
19.  P(SSH) FOR LAW FIRING AT BRDM. 
20. - P(SSH) FOR M-79 FIRING AT T-.62. 
21.  P(SSH) FOR M-79 FIRING AT BMP-76. 
22. P(SSH) FOR M-79 FIRING AT BRDM. 
23,9 PROJECTILE TIMES OF FLIGHT. 

24, P(SSH) FOR 115MM HVAPFSDS. 

25.  P(SSH) FOR 76MM FSHEAT. 

26. CASUALTY-PROBABILITY CONTOUR TEMPLATE l. 
P(E IeGACU Ady PROBABILITY CONTOUR TEMPLATE 2. 


TABLES: II. CONDITIONAL PROBABILITY OF ENGAGEMENT 
GIVEN P(SSH). 


iat: CONDITIONAL PROBABILITY OF KILL GIVEN 
P(SSH) 

IV. AFV MAIN GUN ROUND-.TO- ROUND DISPERSION 
(HE/HEAT) 
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"WOLY TOF (SOTSH:HSS)d °ST eanbdty 





(wy) aducy 






oie rd ed | ace oar ac pee 


MYA —--—— 


(SO1@8:HSS)d 


(W)ZV 3 MV A 


10} spunog samM0} R% 1addn 
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10) conueg itwa! a 


— 


iM}ta 2 Ws ty 


Oe ee “a ~ aerca mermme - ame 
Ono 4 One 10 1251416 18 2022. 24 30 36 
Time (seconds) 
Figure 16. 


Cumulative Probability of Time to Break Line- 
of-Sight. [Ref. 18,p. 4-16 and 4-17] 


re 





Rey: 


P (SSH) P (SSH: Miss) Vearget Attack Angle 
a — — > ES iim bh OF 
— De 15 km/h A552 90? 
—_——_ -—— X (xX) Oe (CP oakain7 11) 0° 
————____—- x (X) ebony. anc 
— — x 0 O° 
> oe 4 0 45 a0 
sO 
Ree: 
eG 


Probability 
Am 


NO 





0 100 200 300 400 


Range (meters) 
HVcquice 2710 (ooh) arOr LAW Parine at l-G2. [Ret .- 385 p. 
i Sire 1 4s 65, rable B—-[, 7-17] 
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KEY : 





P (SSH) P(SSH: Miss) eet Attack Angle 
— X Lo kina OF 
—.. 4 LS km/h G5 Oe 
———— X (X) 0, (15km/h) ‘8g 
ere ms (a) Ont okmM/Z lia 459 e909 
——— Xx 0 ‘She 
eee eee oe x 0 AS. 729 0° 
0 
10 
.0 
>A 
a8) 
“cf 
ont 
“ef 
7 
a4 
O 
MW 
Ay 
a, 
0 


0 100 200 300 400 
Range (meters) 


Figure 18, P(SSH) for LAW Firing at BMP-76. 


14) 





KEY: 








P (SSH) Piso MiSs) Vearget Attack Angle 
— Xx So kin/h Qi? 
— oo X Say ae AS are OS 
— ys OA ESkm/ h) Oe 
x X OF Sie / 1) 45° 5 90° 
—— 0 Os 
cae 2 = 0 AS ys OO 


Probability 
No) 


e 
NO 


0 100 200 300 400 
Range (meters) 


Figure 19. P(SSH) for LAW Firing at BRDM. 
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KEY: 





PSS) P(SSH: Miss) Were Attack Angle 
ae = x 15km/h ON 
——— +» —— X Syn ih Os pares |10 he 
aan x (X) OFC Say hh) QO 
2 ae x (X) a) 45°, 90° 
se X 

. . © . oO ° 
1.0 xX 0 See) 
8 
a6 
a 
cs) 
“4 
a 
of 
Q 
Ge 
1 
O 
Ly 
A, 
ae 
0 100 200 300 400 


Range (meters) 
milcie =20- ) P(SSH)\for M-79 Firing at 1-62. [By assumption 
and Refs. 8 and 37] 


no 





meEY ¢ 








as ° > r 
Iso) PtooH is s ) Viarget Attack Angle 
2 = X 15 km/h OF 
— + — X sre isiyae pa 
————— X (X) O77 CEskm/ h) 02 
i 4s X (X) OP eiem/n) - 25° 3 902 
—__  -— X 0 O° 
cette eee X 0 Ho) ey eee 0 lag 
tee 0) 
Ae Ne 
Z6 
\ 
\ 
\. 
Ae F 
> 
J 
oe 
= 
QA 
6 
28) 
0 
hy 
Ay 
a2 
0 => —. 
0 100 200 300 400 


Range (meters) 
Figure 21. P(SSH) for M-79 Firing at BMP-76. 
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iney : 
Attack Angle 


P (SSH) P (SSH: Miss) eee a 
— — xX 1S m7 nh 0° 
— X IS Guyel OS os yes | 8 i 
— x (X) OU Skm 7h) je 
a x (X) Ott Sky, 2527090" 
— — x 0 O- 
vet eee X 0 a5c— JOC 


y 


Probabr Lire 





0 100 200 300 400 
Range (meters) 


PUqurees2 2. P (ool) for M=79 Firing at BRDM. 
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200)" 





100-115mn HVADFSDS (Terminal Velo- 
City) 


ie oo me Loe. Li Snm HEAT 
CMiineronte ligne) —— > 


100-i115mm 
HVAPFSDS 
(Time of Flight) 


NO 


<6 joo or, OOS) lori 
HEAT (Termin- 
al Velocity) 


Time of Flight (seconds) 


0 1000 2000 3000 4000 5000 


Range (meters) 


Figure 23. Projectile Times of Flight. PReEtS wll a22,50 45 
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SGSJdWAH WUGTT 203 (HSS)d ‘Pe SanbTy 
(STayZou) sbuey 
OO0€ 0002 OO0T on 





[9-Z°SOT-III ‘ad 
‘LT ?W XIGNAddv ‘SZ *88S 
=GOGe Ch fomeGGem Gace. sacu 4) 





y/uy st =°7 Ma xog 


N 
s 


AOOAeL AteUOTaeISG Wg ce x WE ceo (HSS) d 


Spy yZuUSeNnbDSsqns pure 


C9~ of 
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Hi Gt = A 


ees 


~vT 
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\O 
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© 
e 
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oa ~* 
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ga 
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© 
i ~~ 
Xo) 1@) 
™~ ea 
j 
Ay Se | 
<3 @ 
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ij YQ 
a 
mM 
> 
| 
pi ae eas 
~ 
Oo -_— = 
OC aa 
Wo 
\o Te) 
Mm pv rt 
i w 
OM I 
ss er \c 
MO cs 
> 
jaw 
= 
a8) 
= 
© 
= co (Oo <r aN © 


yasse] Kseuorjeys weez XY we-Z uo (HSS) d 
migure 25. F( Ss) store 7GrmerSnrAly [Rets: 24: Table 48; 
25 - APPENDIX Ayo e4: 29-0. 304; 22, p. 64) 
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beet, 24,p.17 94 





J—-——--— ,,, —-_.--_] 


Figure 26. Casualty-Probability Contour Template l. 
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TABLE II. 


ENGAGEMENT PROBABILITIES, GIVEN HIT PROBABILITIES 


P (SSH) P (EB) 


Ate O0 me a=. 60 
Se) a ae, 
TAO =: gS5 
oA ws <eO 
12 See eee OO 





{[Ref. 36, Table IV-2] 
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TABLE III. 


PACK LL Shea) 














SU=LO0 
Bille 6 BRDMoP ta /GSU]t22) MoOh2 M113 
MAW 2) Peels: moe «90 205 






SAGGER 


A2 (M) 

















MOG Oc Joe 7000.7 6, 7 oe 15) 65603). 


100-115mm 
-40.39.40.39140.39). 


HVAPFSDS 
500-2000m 







HE/HEAT 
= 40mm 


Bek wy 227 p+ 62-aRet . 
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diy 53) One Ye 


AFV MAIN GUN ROUNR-TO-ROUND DISPERSION (HE/HEAT) 


oc = Deflection Standard Deviation; - = Range Standard 
i i 
Deviation) 


R=350 m R=700 m R=1500 m 


ie 0 . 3m .3m 
i 
76 mm 
Cc 20m 20m 20m 
Yi 
Te, 0 .3m . 6m 
85 mm 
(os Ss 5m 36m 37m 
Yi 
ce 0 ~3m vom 
100 mm os 
Ga 20m 20m 20m 
V3 
Gee 0 =o eooltt 
Pi 57 im | 
wy 20m 20m 20m 


[ Assumed values extrapolated from data in Ref. 24, p. 
PAT Zig RCL. 2OGE pa O47 463 
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BINCUOSURE d. 


moGORITHM I. 


Pome ORTTHM II. 


EeocORTTHM II. 


PeeG@ORITHM IV. 


PeeQGORTTHM V. 


PeecQORITHM VT. 


ALGORITHM VII. 


(Algorithms for the ''Monte Carlo'"-~Type Manual Game) 


to APPENDIX A, TAB 2. 


Determination of IT and [£ °. 
d be 


Wetermaination of @ngagementml wmes, Given Target 
Detected. 


ATGM Engogement of AFVs: Resulting ne 

LAW and M-79 Engagement of AF’ Vs: Resulting P,. 
AFV and AT Gun Main Gun Direct Fire at Personnel 
and Ground-mounted, Crew-served Weapons 
(includes MAW): Resulting Pie 

AFV and AT Gun Main Gun Area Fire at Personnel 
and Ground-mounted, Crew-served Weapons 


(includes MAW): Resulting ae 


AFV and AT Gun Main Gun Direct Fire at Armored 
fharpets: Wesuiting Pi. 
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ALGORITHM I (Determination of Ty and The? 


foter te ENDIA A, TAB 2, ENCLOSURE a for definitions of symbols. ) 


NOTE: For BLUE weapon systems, the first detections are 
assumed to be completed prior to t=0 in order to fire between t=0 and 
t=> sec. In all cases, time to detect the same target, piven the target 
was missed with a previous round from the same weapon, =0. 


© MDB aes: 
[Peli tmersvctem 1s a BDIZUE weapon, GO TO 4, 


<2. Judgmentally determine from the scenario diagram which 
targets have intervisibility with the system. If situation indicates that 


a visual detection of the BLUE target is likely, Ty=T, : {(If system 


mora RED ATGM, eae lay, Ta) WweerGD EF Pentre cc, and GO LO.) 
Otherwise, use CDF Figure 2, but use CDF for da GoOrTo-5). 


3. If the situation indicates a target hand-off is likely, for 
example, an individual tank following platoon leader's direction and 
engaging the same target, ae : [If system is a RED ATGM, T, = 


da be 
max (Toy T,) ieee Wier ioine 5, and GOrero 5.) Otherwise, use 


Cr ehicure 5, but use CD for ce and GO TO 5. ] 
4. Judgmentally determine from the scenario diagram which 
targets have intervisibility with the system: |[(For subsequent engage- 
ment of the same target for LAW and M-79, fey * and tee Ne 

SOs) 
Otherwise, for first and subsequent engagements by other BLUE sys- 
tems, a steneles(1 To ah ). Use CDF Figure 5, GOTO 5.] 
e 

5. Draw RN. On CDF figure assigned by previous step, enter 
MebttGdiatis au Value Of kN. roject horizontally to curve of distribu= 
tion. From point of intersection, project vertically downard to the 
time axis and read the realization of the random variable qT, or oe 
as appropriate, round to nearest tenth of a sec., STOP. 


oh 





PaO Viti 11 
(Determination of Engagement Times, Given Target Detected) 


fee nar PENDIX A, TAB 2, ENCLOSURE a, for definitions of symbols) 
Sa iPS 


mee etermiine engagement type from scenario diagram, results 
fee ORITHM 1 and ENCLOSURE b, to APPENDIX A, TAB 2. 


Zoe Ee rom ENCLOSURE b, determine the formulas for To Ty) 
I_,T,, as appropriate. (For each engagement type, only one applies; 
Im, 
that is, iS Lp ei Tn or ee, | 
5, Wetermine the number of random variables in the equation 
which must be calculated (for example, pe ello IC ae a) is considered 
to be one random variable and has one assigned CDF figure). 


4. Draw a random number for each distribution of interest. 


or For each uniform random variable, T., use the linear 
transformation: Length of Interval (RN) + Vahie of Lower Bound = t.. 
Round time it.) to nearest tenth of a second. J 


6. For other distributions wherein an assigned CDF figure is 
made, onthe CDF figure assigned for that random variable, enter 
the vertical axis at the value of the RN. Project horizontally to 
curve of the appropriate distribution (some CDF figures have more 
than one distribution represented). From point of intersection, 
project vertically downward to the time axis and read the realization 
of the random variable of interest. Round value to the nearest tenth 
of a second. 


7. Sum all realizations of the independent variables, as 


appropriate, to calculate the value of the realization of the dependent 
variable (the appropriate engagement time). STOP. 


2 





ALGORITHM III (ATGM Engagement of AFVs: Resulting Pi) 
eek PS 


l eeeeGor scenario diagram and TIME-HISTORY form, determine 
possible target intervisibilities and range to nearest assigned or high 
priority target. Determine time to begin engagement process from 
PeeGORITHM I. Determine time to engage (fire) from ALGORITHM II. 


&. Calculate time of projectile flight (t.) by ATGM type: 
. = range to target/missile velocity. (See Enclosure b) 
3. Determine P(SSH:BLOS) from Figure 15, given range to target. 


4, Determine P(Engagement: P(SSH:BLOS)) from Table II. Draw 
a random number. If RN) P(E:P(SSH:BLOS)), record as no engagement, 
begin detection/engagement process again (determine from scenario 
diagram, earliest time to high enough P(SSH:BLOS). Tutors, 


SeeeeOetermine (let breaks LOS: t.and tet speed) from Figure Wore 


f 
pee Pr (ooh)= P(SSH: BOs) (1-P(BLOS)), P(BLOS) calculated in 
Step 5. 


4 
(rawr tt RN > P(SSH), missile misses; GO TO &. Tf 
i= P(ooH), missile hits; GO TO 9. 


Cee aculavesiine to next iengagement from ALGORITHMs I and 11, 
fecord on PilieHis TORY form, STOP. 


ee caw si ee Comipare with (MM, Ff, Cc, MUL) values listed in 
iiatbke lil to determine type of kill) 1f any. Record results on TIME= 
Pils GORY fori. Calculate time to next ensoasement from ALGORITHMs 
imamcdetia iecord results on forms for FORCE LEVELS (Tet List). 
> ROP. 


Lies first rounds of ambush, targets are assigned, hand-offs are 
completed, and first rounds are fired within the first five seconds 
(judgmentally determined times). 


: 2 nee first rounds of ambush, P(E: P(SSH™BLOS))=1.0, except for 
very low P(SSH) wherein judgement is used to determine P(E). 


3 Reference 18, pages 4-16 and 4-17. 


4 Assume negligible effect from near misses. Mobility and fire- 
power suppression (time delays) may be judgmentally applied. 
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ALGORITHM IV (LAW and M-.79 Engagement of AFVs: Resulting P,) 
SE PS 


ime from scenario diagram and TIME-HISTORY form, determine 
possible target intervisibilities and range to nearest assigned or high 
Meeroiwity target. Determine time to begin engagement process from 
femeenittiivii. Determine time to engage (fire) from ALGORITHM II. 


wee calculate time of projectile flight: 
t. = range to target/ projectile muzzle velocity (See Enclosure 


f 
b. )¢ 


fee Determine P(SSsH), given range to target and aspect and speed 
of target, from Figures 17 through 22, as appropriate. 


meeievermine Elf: F(SSH)) from Table Il. Drawa RN. If RN> 
fave (o5oH)), record as no engagement on TIME-HISTORY form, begin 
detection/engagement process again (determine from scenario diagram 
the earliest time to high enough P(SSH)} aSTOP. 


pee Drew RN. if RN? P(SSH), projectile misses; GO TO 7. : if 
miie= (SSH), missile hits. 

6. Draw RN. Compare with P,(M, F, C, MUF) values listed in 
Table III to determine type of kill, if any. Record results on TIME- 
Mieme@erY formand FORCE LEVELS (Tet List) forms. 


7. Calculate time to next engagement from ALGORITHMs I and II, 
mecond on TIMEOHISTORY form. STOP. 


or first rounds of ambush, targets are assigned, hand-offs are 
completed, and first rounds are fired within the first five seconds 
(judgmentally determined times). 


For first rouncs of ambush P(E)=1.0, except for very low 
P(SSH). In such cases, P(E) is judgmentally determined. 


3 Assume neclmeiple effect from near misses. Mopility and fire- 
power suppression (time delays) may be judgmentally applied. 
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ALGORITHM V (AFV and AT Gun Main Gun Direct Fire at Personnel 
and Ground-mounted, Crew-served Weapons (includes MAW): 
Resulting Pi) 


SEEPS 


Meee rom the scenario diagram and TIME-HISTORY form, deter- 
mine possible target intervisibilities and range to most likely target. 
Determine time to begin engagement process from ALGORITHM I]. 
Determine time to engage (fire) from ALGORITHM II. 


Z. Calculate time of projectile flight, given range to target: 
Wie Figure 23. 


3. From the scenario diagram, determine which targets are 
within a 250 X250mgrid centered at the aim point/expected impact point 
at time of impact. 


4. Assume targets have cover corresponding to vulnerable area 
presented by a prone man, facing the point of impact if still in firing 
positions. Otherwise assume vulnerable area presented by a crouch- 
ing man. Place the base of each target on the grid, relative to the 
aim point. 


5. Drawtwo RNs. Enter the vertical axis of CDF Figure i4 
with the value of each RN and project horizontally to the curve of the 
distribution. From the point of intersection, project vertically down- 
wardtothe ©« axis and read the values of the coefficients. 


6. Multiply the values read by the appropriate Peep AO he 
values found in TABLE IV: This gives the randomly selécted center of 
projectile impact (-assuming an elliptic normal dispersion pattern). 
Place the appropriate Casualty-Probability Contour Template (Figure 
26 or 27) on the point of iinpact, long axis oriented outward along the 
gun-target line. Figure 26 for prone personnel and Figure 27 for 
crouching personnel. For each target falling within the contours, 
note the appropriate P(SSK). 


7. Scale each P(SSK) calculated in Step 6 by the following: Scale 
Peto) tor ll> mm: 0.9 for 100 mm: 2S for $5 mm: and .75 for 
76 mm. 


8. Draw a RN for each target covered by the template: If RN? 
P(SSK)(Scale Factor), fragments miss the target; GO TO 9. If RN¢ 
P(SSK)(Scale Factor), target hit (assumed killed). Judgmentally apply 
any material damage or restrictions on the unit due to position of the 
casualty (e.g., radio operator versus MAW gunner). Record results 
One vt le tORViorm and FORCE LEVEL (Tet List) form. 
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9. Calculate time to next engagement from ALGORITHMs I and 
Beyeerecord OnmbIME-HISTORY form. STOP. 
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ALGORITHM VI (AFV and AT Gun Main Gun Area Fire at Personnel 
and Ground-mounted, Crew-served Weapons (includes MAW): 
Resulting Fo) 


pre PS 
Meee rom the scenario diagram and TIME-HISTORY form, 
@etermine the range and direction to desired point of projectile impact 


(judgmentally applied). 


eee le dlatestizme of projectile flight t- from Figure 23, given 
range to impact point. 


3. Onthe scenario diagram, determine which targets are within 
a 250 X 250m grid centered on the point of impact at time of impact. 


4. Ona 250 X 250m grid, randomly place each target found from 
Buep 5, above: 


Draw two RNs. Let W = width and depth of target at base, 


within the impact area. Let x, =(RN, -0. Btco Oe Wy let y,=(RN, -0. 5) 
(250-W). [Ref. 40]. 
Beet lace cach target on the grid using the coordinates calculated 


moire >. (NOTE: Grid Center has coordinates (0, 0)). 


6. Place the appropriate Casualty-Probability Contour Template 
(Figure 27 or 28) onthe center of the grid, long axis in the positive 
Y-direction. For each target falling within the contours, note the 
appropriate P(SSK). 


ad. scale cach P(55K) calculated in Step 4 by the following: 
Seme mactor:; | for 115mm: .9 for 100mm; .8 for 85mm: and .75 for 
76mm. 


come Diaw a kN foreach target covered by the template: If RN> 
miosis j\(ocale Factor), fragments miss the target, GO TO7. If RN¢é 
P(SSK)(Scale Factor), target hit (assumed killed). Judgmentally apply 
any material damage or restrictions on the unit due to the position of 
the casualty. Record results on TIME-HISTORY form and FORCE 
ey is (tet Last) form. 


9. Calculate time to next engagement from ALGORITHMs I and 
Il, record on TIME.HISTORY form. STOP. 


lAssume targets have vulnerable area corresponding to prone man, 
facing the point of impact, if personnel still in firing position (use Fig- 
ure 26). Otherwise targets have vulnerable area corresponding toa 
crouching man (Use Figure 27). 
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ALGORITHM VII (AFV and AT Gun Main Gun Direct Fire at 
PaomeGs haromers: Resulting P) 


oe ate 


Meet oOm tne scenario diagram and TIME-HISTORY form, deter- 
moamme possible target inteérvisibilities and range to most likely target. 
ietermine the time to begin the eneagement process from ALGORITHM 
Meee ctetmoine time to ecngace (fire) from ALGORITHM II. 


eae calculate the time of projectile flight, given range to target: 
Use Figure 24. 


3. Determine P(SSH), given range to target and aspect and speed 
of the target, from Figures 24 and 26, as appropriate. 


‘eeleternaimne Pi her tS5H)) trom Lable Il. Draw a RN. If RND 
P(r: P(SSH)), record as no engagement on TIME-HISTORY form; 
begin detection/engagement process again (determine from scenario 
diagram the earliest time to high enough P(SSH). (Immediate fires 
which are part of counterambush procedures are judgmentally applied. ) 
SIGN San 


1h 
See aaweriN: If RNOP(Soo); projectile misses; GO TO 7. If 
RN&SP(SSH), projectile hits target. 


6. Draw RN. Compare with P;.(M, F, C, MUF) values listed in 
maple il, to determine type of kill, if any. Record results on TIME- 
Pie Om Y form and FORCE LEVEL (Tet List) forms. 


7. Calculate time to next engagement from ALGORITHMs I and 
peeeeccOord om tiMeo HIS TORY form. SPOP. 


laAssume negligible effect from near misses, Mobility and fire- 
power suppression (time delays) may be judgmentally applied. 
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ENCLOSURE e. (Algorithms for the Expected- Value Manual Game) 


Poa ORITHM EV-I. 


peecORTIHM EV -IL. 


PemGORTVHM EV .ITII. 


PeecORITHM EV-IV. 


pee GORTTHM EV-V. 


PeeGORTTHM EV-VI. 


PIoGORITHM EY - VIL. 


Peso Ori lM EVoVIII. 


tora te NDPIx A, TAB 2d. 


Determination of ty and Mines 


Determination of Expected Engagement Times, 
Given Target Detection. 


ATOM Engagement of AFVs: Resulting P,. 


LAW and M.79 Engagement of AFVs: 
Resulting P.. 


AFV and AT Gun Main Gun Direct Fire at 
Personnel and Ground-mounted, Crew-served 
Weapons (includes MAW): Resulting P.. 

AFV and AT Gun Main Gun Area Fire at 
Personnel and Ground-mounted, Crew-served 


Weapons (includes MAW): Resulting Pi. 


AFV and AT Gun Main Gun Direct Fire at 
PVIMmMOnmed —largets ses uLting Pie 


Practional Kill Determination. 


he 





PueGOrl fri £V-1 (Determination of t, and ty 4) 
(See APPENDIX A, TAB 2, ENCLOSURE a, for definitions of symbols) 


NOTEm: For BLUE weapon systems, the first detections are 
assumed to be completed prior to t=0 in order to fire between t=0 and 
meoesec, inall cases, tinve to detect the same target, given the target 
was missed with a previous round from the same weapon, = 0. Actual 
first firing times are judgmentally assigned. 


Sr iPS 
1. If the system is a BLUE weapon, GO TO 4. 


Zz. Judgmentally determine from the scenario diagram which 
targets have intervisibility with the system. If the situation indicates 
that a visual detection of the BLUE target is likely, ‘tgatg |: [If system 


rspae RED ATGM, Tpe=max(T Tq) therefore, the= Ss sec, OLOER.) 
Otherwise, ta, =eeroeCc er SOL «| 


Bee it the situation indicates a target hand-off is likely, for 
example, an individual tank following platoon leader's direction and 
engaging the same target, ty = tas : [If system is a RED ATGM, es 
a Tq.) therefore, tie = Oo seGieo LOL. Ie@inierwise, tas = ue 
sec. STOP. |] 


max ( I 


4. Judgmentally determine from the scenario diagram which 
targets have intervisibility with the system: |(For subsequent engage- 


ment of the same target for LAW and M-79, The = T, ; therefore, 


Ee= 6 Sec, STOP.) Otherwise, T =max(T,, T , ). Therefore, 


be be 
th = SOG, ss iiele.| 
eo 
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Pee Ok iiiiv HV ll (Determination of Expected Engagement Times, 
Given Target Detection) 


Peer  ENDIX A, TAB 2, ENCLOSURE a, for definitions of symbols) 


SE PS 


1. Determine engagement type from scenario diagram, results of 
eer tiM EY-l, and APPENDIX A, TAB 2, ENCLOSURE b. 


Coe ron ENCLOSURE b, determine the formulas for Te: Le 
Tm, or T,, as appropriate. (For each engagement type, Ts T) or 


La or Th: ) 

3. Select the appropriate expected engagement time listed by 
that engagement type in ENCLOSURE b, according to weapon system. 
Record the expected engagement time determined on the TIME-HISTORY 
fem. oLOP. 


101 





PSGORITTHM EV-Ili (ATGM Engagement of AFVs: Resulting P) 


ek PS 


Im From the scenario diagram and TIME-HISTORY form, deter- 
mine possible target intervisibilities and range to nearest assigned or 
high priority target. Determine expected time to begin engagement 
process from ALGORITHM EV-I. Determine expected time to engage 
firme) from ALGORITHM EV-Q. 

ene Calculate time of projectile flight (t 


,) by ATGM type: 


t. = range to target/missile velocity. (See APPENDIX A, 
js 2, ENCLOSURE b. ) 


3. Determine P(SSH:BLOS) from Figure 15, given range to target. 
4, Judgmentally determine advisability of engaging target (trade- 
off between revealing firing position, due to weapon signature, and 


possible low hit probability). If firing is aborted, determine the 
earliest time to a high enough P(SSH:BLOS). STOP. Otherwise, 


bee Determine P(BLOS), given ae and target speed from Figure oe 
pee (SSH) = P(SSH:BLOS) (1-P(BLOS)). 

7. Select appropriate P(KILL:SSH) from Table III. 

8. Multiply each P(KILL:SSH) by P(SSH) determined in Step 6. 


(For example, if from Table III, P(M-KILL:SSH) = .90, and 
Poem =.50, then P(M-KILL) = .45.} 


9. Determine the firer's firepower effectiveness (%F) from FORM 
wor DW, as of the time of missile impact. Multiply the value determined 
by each of the P(KILL), by category of kill, and enter these results on 
BORM A, TIME-HISTORY. 


hoe ao TO ALGORITHM EV-VIIL® (Fractional Kill Determination). 


+ Por first rounds of the ambush, targets are assigned, hand-offs 
are completed, and first rounds are fired within the first five seconds 
(judgmentally determine firing times). 


Z 
Reference 18, pages 4-16 and 4-17. 
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PeeeORtPHiM y-1V (LAW and M-79 Engagement of AF Vs: Resulting ‘sa 


pl PS ) 


ls From the scenario diagram and TIME-HISTORY form, deter- 
mine possible target intervisibilities and range to nearest assigned or 
high priority target. Determine expected time to begin engagement 
process from ALGORITHM EV-I. Determine expected time to engage 
fire) from ALGORITHM EV-II. 


wae aicitiate tiie of projectile flight: 
Assume constant velocities of 145 m/sec for LAW and 76 
m/sec for the M-79 HEDP round. (Due to the short ranges involved). 


3. Determine P(SSH), given range to target and aspect and speed 
of the target, from Figures 17 through 22, as appropriate. 


4. jJudgmentally determine advisability of engaging target (trade- 
off between revealing firing position, due to weapon signature, and low 
hit probability). If firing is aborted, determine earliest time to high 
enouch P(SSH). STOP. Otherwise, 


5. Select appropriate P(KILL:SSH) from Table III. 


6. Multiply each P(KILL:SSH), by category of kill, by P(SSH) 
mierermined in otep 5, (For example, if from Table III, P(M-KILL:SSH) 
—megoewang Pioo) = .50, then P(M-KIEL) =. 45). 


7. Determine the firer's firepower effectiveness (%F) from 
FORM C or D, as of the time of firing. Multiply the value determined 
by each of the P(KILL), by category of kill, and enter these results on 
HORM A (1IME=HIS TORY), 


on GO=rO ALGORTIMM HEVeovVill, (Eractional Kill Determination). 


For first rounds of the ambush, targets are assigned, hand-offs 
are completed, and first rounds are fired within the first five seconds 
(judgmentally determine firing times). 
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PeecOrmilii EV=-V (AFV and AT GUN Main Gun Direct Fire at 
Personnel and Ground-mounted, Crew-served Weapons 
(includes MAW): Resulting P,) 


efi PS 


Meeticointhe scenario diagram and TIME-HISTORY form, deter- 
mine possible target intervisibilities and range to most likely target. 
meterimune expected time to bepin engagement from ALGORITHM EV-I. 
wewetiniie expected time to enpage (fire) from ALGORITHM EV-II. 


2. Calculate time of projectile flight (t) from Figure 23, given 
pomee tO target. 


3. From the scenario diagram, determine whicn targets are 
within a 250m X 250m grid centered at the aim point/expected impact 
permt at time of impact. 


4. Assume targets have cover corresponding to vulnerable area 
presented by a prone man, facing the point of impact, if the personnel 
still in firing positions. Otherwise, assume a vulnerable area equal 
to that for a crouching man [Ref. 24, pages 50 through 85]. 


bee Use Figure 26, CASUALTY-PROBABILITY CONTOUR 
ieoeiA Ti 1, for the first case in Step 4; and Figure 27, CASUALTY- 
PiveeAbilLiry CONTOUR TEMPLATE 2d, for the second case, as 
appropriate. 


6. Place the base of the template on the origin of the 250m X 250m 
grid. For each target covered by a contour line, or between lines 
(interplate approximate values), record the appropriate P(SSK). 


7. socale each P(SSK) calculated in Step 6 by the following: 
Scale Bactor,. 1.0 for Ll5mim, .90 ior 100mm, .80 for 85mm, 


and .75 for 76mm. If any target within five meters of the aim point, 
GorrO 10. 


8. Determine the firer's firepower effectiveness (%F) from 
FORM C or D, as the time of firing. Multiply the scaled P(SSK)'s 
by this value to get the corrected P(SSK)'s. Record these results on 
BOnM A. LIME.HISTORY. : 


9. Degrade the firepower and mobility effectiveness of each 
tameet hat by twice the value of the corrected P(SSK). 1 Record the 
Pecstits as per ALGORITHM EV-VIllL. STOP. 


lor 0%, whichever is the greater number. (Cannot get negative 
values). 
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Heer uriner correct for mean aim error by multiplying the 
P(SSK), for each target within five meters of the expected aim point, 
by the value of P(SSH) ona stationary 2.3 m X 2.3 m target, at that 
panege. GO TO 8. 


HO): 





ALGORITHM EV-VI (AFV and AT GUN Main Gun Area Fire at Personnel 
and Ground-mounted, Crew-served Weapons (includes MAW); 
Resulting P..) 


STEPS 


ie: rom the scenario diagram and TIME-HISTORY form, deter- 
mime tne range and direction to desired point of projectile impact. 
(This is judgmentally determined). 


mee calculate time of projectile flight (te) from Figure 23, given 
meace tO impact point. 


3. From the scenario diagram, determine which targets are 
within a 250m X 250m grid centered at the aim point/expected impact 
point, at the time of impact. 


fee lace the appropriate CASUALTY-PROBABILITY CONTOUR 
TEMPLATE (Figure 26 or 27)1 on the center of the grid, long axis 
along the gun-target line. For each target covered by the contours, 
note the appropriate P(SSK). 


5. Scale each P(SSK) calculated in Step 4 by the following: 
Semloemaetor: sl. 0 for 115 mm, .90 for 100 mim, .80 for 85mm, 
and .(> for 76 mm. 


6. Determine the firer's firepower effectiveness (%F) from 
FORM C or D, as of the time of firing. Multiply the scaled P(SSK)'s 
by this value to get the corrected P(SSK)'s. Record these results on 
memos TIME-HISTORY. 


7. Degrade the firepower and mobility effectiveness of each 
target hit by twice the value of the corrected P(SSK). Record the 
mesults as per ALGORITHM EV-VIII. 


Assume targets have vulnerable area corresponding to a prone 
man, facing the point of impact, if personnel still in firing positions 
(use Figure 26). Otherwise, targets have vulnerable area correspond- 
ing to a crouching man (use Figure 27). 
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ALGORITHM EV-VII (AFV and AT GUN Main Gun Direct Fire at 
Painored targets: Kesulting P.) 


STEPS 


ieee rom the scenario diagram and TIME-HISTORY form, deter- 
mine possible target intervisibilities and range to most likely target. 
Determine the expected time to begin the engagement process from 
Poe ORITTHM EV_1. Determine the expected time to engage (fire) from 
PeeGsORITHM EV-II. 


2. Calculate the time of projectile flight, given range to target 
Meoine Figure 23, 


Ere Determine P(SSH), given range to target and aspect and speed 
of target or firer, from Figures 24 and 26, as appropriate. 


4, Select appropriate P(KILL:SSH) from Table III. 

5. Determine the firer's firepower effectiveness (%F) from FORM 
eon), as of the time of firing. Multiply the value determined by each 
G@ietne (Kibet), by category of kill, and enter these results on FORM A, 
Wmv HISTORY. 


6. GO TO ALGORITHM EV-VIII (Fractional Kill Determination). 
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Pee fiaiviet, V2 Vili (ir ractional Kill Determination) 
aL EPS 


1. Determine entering values of P(M-KILL), P(F-KILL), and 
P{C_-KILUL) from the appropriate weapon system engagement algorithm 
PeGORIlitiMs EV_IIl through EV-VII). 


wo eomeroOnWn GC. tor DLUE target, or FORM D, for RED target, 
@eterinine the remaining target effectiveness immediately prior to round 
impact. 


3. Degrade '%M" and "%E" by the entering P(M-KILL) and 
P(F-KILL) values. (For example, if the target had already been frac- 
tionally killed, and had ''%M''=. 80 then if the entering P(M-KILL)=. 70, 
Smee) oi’ would =. 80-(. 80)(. 70)=. 80-.56=.24. Similarly, for '%F"= 
moemeand (bo Kiiij=.40, the new "%F'"'=. 70(1-.40)=. 42.) Record these 
new "%M'' and "'"%F"' values on FORM C or D, by the effective time. 


4. Compute the amounts of M or F-Kill to be credited to the 
impacting round, by multiplying the corresponding category of P(KILL) 
by the "%M" or "%F"' values on FORM C or D, as appropriate. Enter 
these amounts on FORM E or F (depending upon whether target isa 
Piet or RED system). 


5. Ina similar manner to that stated above, the current level of 
catastrophic kill of each target is determined by adding to the previous 
mle or ©, found on FORM C or D,; the amount (1-C)P(C-KILL). The 
amount added, in each case, is the value indicated on FORM E or F, 
as appropriate. The current value of C is then recorded on FORM C 
Sree. by the eifective time of occurrence. 


6. At the end of the game, the exchange ratios and loss rates 
are determined from the totals of the fractional kills recorded on 
FORMs C through F; and are then transferred to FORM B, FORCE 
LEVEL (Tgt List), as initial values for the next ambush iteration. 


7. AS necessary, return to the immediately previous algorithm 


for completion of any remaining steps. Check scenario diagram and 
mivietlso TOK Y form to determine next critical event. STOP. 
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me So (imalysis of Exercise Results) to APPENDIX A 


Within this tab are an analysis of one iteration of the manual war 


S2pproach, and one wherein an 


game employing the ''Monte Carlo' 
expected-value approach was employed. 

The former approach was used primarily to gain insight into the 
validity of the initial assumptions and derivation of more, in order to 
finalize the scenario and computational framework for the expected- 
value approach. The analyses of both include extracts of the time- 
history of engagements, and sample records of the engagements in- 
dicating the procedures employed. 

The reader is cautioned to not attempt any direct comparison of 
the battle results, as some of the critical event time distributions 
were altered following additional research, during the development of 
the expected-value approach. 

ENCLOSURE a (Analysis of the ''Monte Carlo''.Type War Game 
Results) includes a listing of observations relative to the simplifying 
modeling assumptions and tactics employed. 

ENCLOSURE b (Analysis of the Expected- Value War Game Results) 
includes the discussion of a simple methodology for determining force 


exchange ratios and weapon system loss rates. 
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ENCLOSURE a. (Analysis of the ''Monte Carlo'-Type War Game Results) 
Pere ripix es. TAB 3. 

A listing of the major game results is recorded in TABLE V, 

fimmetne initial three kills reflected on the attached sample TIME- 

Poa POR Y form, FORMA. Note that each engagement is recorded 

twice - once at the time of weapon system firing, wherein the calculated 
projectile impact time (t;) signals the placement of the engagement within 
me meguencing Of critical events; and, once at the time of impact when 
the results are computed. 

An example of judgmental application of the algorithms is shown on 
meRM A, at t= 5.1 seconds. Here, regardless of P(SSH) for the M-79, 
since the HEDP round had been fired at t= 1 sec and could not be guided 
in flight, it was caused to be a miss. Note that the MAW, oe had, at 
t= 3.5 sec, achieved a mobility-kill on the same target, thus, by 
assumption, effectively stopping its forward motion. 

The high kill rate for the MAWs was attributed to the short ranges 
of engagement effectively precluding line-of-sight-breaking evasive 
IM@amenuvers by the target AFVs. 

The Bete ee tactic which was examined for the BMP-76s 
was to fire HEAT ammunition at the mech infantry platoon positions, 
while attempting to close with same. This produced negligible results 
due to the relatively slow rate of fire and low P(SSH), since the 76mm 


smoothbore gun is not stabilized. 
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Since the MAW gunner is particularly vulnerable due to a need to 
maintain his sight on the target throughout missile flight, it was felt 
that a better suppressive effect might possibly be created by having the 
BMP-76s fire their coax-MGs. This system also has a relatively low 
hit probability for any one round or single short burst [Ref. 41], but 
the rate of fire allows good area coverage, and a more constant sup- 
pressive effect (given that the gunner has some form of missile firing 
signature on which to sight). 

Pemormer jude@imental aspect of the game was the decision to fire 
the LAW and M-79 at ranges resulting in very low P(SSH)s. In reality, 
the gunners would probably not have fired (and revealed their firing 
positions) but have waited until assured a higher hit probability. The 
trade-off becomes complicated when they have waited too long and find 
themselves being maneuvered upon and decisively engaged. 

The fact that the BLUE forces sustained little in the way of sig- 
nificant casualties until after the mech platoon started to withdraw 
implies that there is a "safe'' time caused by the shock and confusion 
created by the surprise of the ambush. The length of sucha time 
interval is of eeGee concern to the en re eines. It was seen that 
when the HAW and M60A2s attempted to remain in firing positions 
long enough to complete the withdrawal of the mech platoon, that 
Significant losses began to be felt. The question then Become one of, 


"Should the infantry withdraw sooner?" or, ‘Should the HAW and 
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M60A2 displace to new firing positions after having fired one, or at 
most two missiles? '' These questions are not answered here, but it 
is noted that the answer is greatly scenario-dependent. (See ENCLO- 
Pei b, this tab, for further discussion on this point. ) 

An obvious example of a type result from sucha choice of tactics 
fmeme action recorded at t= 156 seconds. Here, the T-62, lb, in 
attempting to close with the withdrawing 2nd Squad, encountered the 
3rd Squad, mounted and moving in its armored personnel carrier. 

The complete vulnerability of the APC to the tank is apparent given 
that the APC is armed with only a Cal. .50 machine gun. Here, the 
BLUE tanks were not ina position to provide continuous overwatch. 

The above-mentioned situation suggests an additional, and often 
woiced, trade-off problem; that being, an optimal placement of vehicles, 
range of engagement, and time of disengagement (withdrawal). Tobe > 
safe from being maneuvered on ina short period of time, the mech 
platoon must either be at extreme ranges, have very favorable terrain 
conditions, or withdraw sooner. 

The first alternative negates the effect of the LAW and M-79 and 
is, therefore, bad from the standpoint of maximum effective use of 
available, antiarmor weapon systems. The second alternative is 
better, but such terrain, affording obstacles to the RED force, and 
providing immediate covered and concealed withdrawal routes, is 
likely to be recognized as such by the enemy, with resultant modifica- 


tions in his approach. The third alternative needs to be examined in 


fis 





greater detail, in light of the weapon systern attrition rates effected 
over set time intervals. A first cut at this is discussed in ENCLOSURE 


b to this tab. 
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ENCLOSURE b. (Analysis of the Expected- Value Manual War Game 
Results) to APPENDIX A, TAB 3. 

Hine statement of a few caveats relative to the expected-value 
methodology, as herein employed, are appropriate. This procedure, 
memeontigured, must be exercised with caution since an error in the 
Semiputation of fractional kills or residual firepower efiectiveness for 
a system will affect all future interactions (values of fractional kills 
resulting from engagements with other systems). This is especially 
the case when both firer and target have undergone multiple engage- 
muemtis, and, consequently, are neither at full effectiveness at the time 
oi the engagement in question. Additionally, care must be taken to 
check the cumulative catastrophic kill level (C) of a BLUE system 
before allowing it to continue its automatic event sequencing, since, 
if it fires ata target after having been itself at least 50% catastrophically 
killed, it will have violated Procedure 10, of TAB 1 (The Manual War 
Game: Procedures and Rules) to APPENDIX A, 

Also, a clear perception of the progress of the battle is required 
to realistically play the direct and area fire of AF Vs and AT guns at 
personnel targets. Inthis line, great flexibility of choice of aim/ 
espected impact points is alforded. 

Relative to the iteration which was run, as the battle progressed 
to later stages, wherein all of the RED weapon systems which had tar- 


gets within range engaged same, the expected-value game quickly 
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became a very time consuming exercise. For this reason, the battle 
was terminated at a point which clearly indicated the trend of events, 
as the BLUE system loss rate began to become significant, indicating 
the non-feasibility of BLUE continuing to employ the same tactics. To 
a degree, this point was predictable since the ''Monte Carlo" approach 
had indicated it would happen. Intuitively, it holds also, as there is 

a point when the ambusher loses the effect of surprise and the 
Mmmiaerically superior ambushed force begins to effectively — 

Basically the same scenario was played for the expected-value 
game as was previously exercised, with the exception of BMP-76 main 
gun fire. In the expected-value approach, the BMP-76s halted to fire 
at all long-range armored targets, and fired on the move at all short 
and medium range personnel and ground-mounted, crew-served weapons, 
including MAW. 

A complete listing of TIME-HISTORY forms showing the progress 
of the battle is available on request; but it will suffice here to show the 
final system effectiveness levels as of game termination, the break- 
down of losses by eee system type, and a sample TIME-HISTORY 
sheet. The ere forms have little meaning in isolation, but in con- 
junction with each other give a fairly clear picture of how the battle 
progressed. 

The enclosed TIME-HISTORY form represents the same basic 


time phase of the battle as indicated in ENCLOSURE a, to this tab. 
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Note the use of the dual recording of engagements with the checks 
eerie 1 COlumn kK indicating that these firings have been recorded a 
mecond time and the resulting fractional kills recorded. The kills 
scored in column n incorporate the residual levels of effectiveness 
mesulting {rom previous engagements by both firer and target. 

meaditiona! markings in column p opposite the events at t= 2.1 
and t= 2.5 seconds show that the subsequent engagements of new tar- 
gets were terminated at 16.3 and 18.3 seconds of the ei. respec= 
tively, due to both M, and “Ue having reached wevels of catastrophic 
kill equal to, or in excess of, 50%. 

Mite enclosed FORM B, FORCE LEVELS (Tet List), shows the 
residual levels of effectiveness at the time of game termination. In 
this case, termination occurred prior to entrance into the battle of the 
85 mm ATAP systems in the RED battalion second echelon. Here, 
the te represents the time a system begins to react to the situation 
and actively seeks a target. Theoretically, the residual effectiveness 
levels at the end of one iteration of the game would act as inputs to the 
next iteration. 

The results of significant engagements are recorded on the forms 
C through F. FORMs C and D indicate the residual mobility and fire- 
power effectiveness of the indicated system immediately following the 
last engagement in which losses were incurred. The cumulative 


catastrophic kill level to that time is also recorded. FORMs E and 
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F reflect the breakdown of system kills by weapon type, allowing for 
easy Summation and comparison. 

Since one cannot isolate, completely, two types of weapon systems 
for the determination of weapon exchange ratios and still have any 
meaning due to the homogeneous forces involved, it becomes necessary 
to examine the results in aggregation. Note that seldom was it the 
case, or realistically would it be the case, that any two types of weapon 
systems would only engage and attrit each other. 

in dime with the foregoing, a methodology for comparison of non- 
similar systems was needed. Realizing the limitations of such method- 
ologies, but seeing no better alternatives, it was decided to scale the 
relative values of the component systems in the forces ina simple 
manner, not completely dissimilar from Fire Power Potential and 
Weapon Effectiveness Indices/Weighted Unit Values methodologies 
[Ref. 35 and 36], yet also not as detailed. The following values or 


weights were judgmentally assigned to the systems: 


MAW - 20 points Veo2 37 points 
HAW 35 points BMP 276 30 points 
M60A2 40 points BMP-76(M) 35 points 
LAW > polis BRDM(ATGM) 30 points 
M-79 3 points S5mmATAP 28 points 





oan excellent discussion of the limitations of such methodologies 
in the context of expected value and "'Monte Carlo" type games is given 
ingwererence 42, 9D. (2.0. 
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Each fractional kill recorded was then multiplied by the appropriate 
system weight to give the aggregate ioss to the force. Figure 28 
shows the cumulative losses over time of both the RED and BLUE 
forces, to the point of game termination. Note that this was done just 
as the last M60A2 completed its second engagement. The next sched- 
uled BLUE system firing would have been at 54.3 seconds of the battle, 
while numerous RED systems were scheduled to fire within the next 
two seconds following termination, several of which were on their 
second or third rounds at the same target (hit probabilities normally 
tacreasing as the firer achieves sensing of previous rounds). 

In the trivial sense, BLUE disengagement before 16.3 seconds 
would yield the best exchange ratio. This would, of course, require 
the mech infantry platoon to withdraw immediately following the firing 
of one round from each weapon system. As of t= 16.3, the force 
exchange ratio is 128.5/14.7= 8.75. By the time the next RED loss 
is incurred (t= 24.4 sec), the exchange ratio has dropped to 137. 67/ 
Ae oce meena, by garne termination, the ratio1s down to’ 1381. 6157 
cite Geilo ase ee reductions imminent. 

The weapon system loss rates have been approximated and listed 
in Table VI. These rates are derived from the fractional losses 
recorded in FORMs C through F. Of significance is the decrease in 
RED system loss rates after the first 15 seconds and the six-fold 


increase in the loss rate of M60A2s in the last 10 seconds of the game. 
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WEAPON SYSTEM FRACTIONAL LOSS RATES (KILLS/SEC) 
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rhe next possible T-62 or BMP-76 loss would have been at 
seconds of the battle; whereas BLUE losses were projected 
Continte to occur at an increasing rate due to the entran-— 
of more RED systems into the bat-le (85 mm ATAPs). 
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The initial conclusion for this particular scenario would be to have 
the mech infantry platoon begin to withdraw after all systems have 
fired one round each. And, to either position the HAW and M60AZ at 
initially greater ranges, or break contact after the first rounds have 
impacted. Further examination of Figure 28, in conjunction with the 
TIME-HISTORY forms reveals an interesting point: the only RED 
systems to achieve significant kills on the BLUE ATGM systems, 
with the exception of the MAW losses, are the BMP-76s armed with 
the SAGGER ATGM. These two alone counted, with one missile apiece, 
for 38.85 points of BLUE force losses. Since these were assumed only 
capable of firing one missile per engagement, due to the exposure 
required to mount a new missile on the main gun tube during a fire- 
fight, and the RED AF'V fire was otherwise not that significant; it 
appears as though the first priority for BLUE ATGM systems should 
be the overwatching RED ATGMs. This would then give the BLUE 
systems greater flexibility in engaging the tanks. (Note that removal 
the effect of the RED ATGMs and the high MAW losses, assuming an 


earlier infantry withdrawal, increases the exchange ratio to 4:1. 
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a possible high resolution simulation of the FORCE-ORIENTED DEFENSE. 











D ree EDITION OF 1 NOV 6515 OBSOLETE os 
D isan 73 1473 Unclassified 


ag S/N 0102-014- 6601 | 
(Page 1) 4 136 SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered) 





Unclassified 


a a a eS 
CECURITY CLASSIFICATION OF THIS PAGE(Whon Data Entered) 


20. 

To satisfy secondary objectives of the study, fractional kills were 
tabulated to determine first approximations of armor/antiarmor 
force exchange ratios and weapon system fractional loss rates. The 
specific scenario involved a reinforced mechanized infantry platoon 
aeaeushing the first echelon units of a tank-reinforced motorized 
rifle battalion. 
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The force-oriented defense : 
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